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Thesis Summary 
 
The effect of Phytophthora cinnamomi on the habitat utilization of  
Antechinus stuartii in a Victorian forest 
 
Phytophthora cinnamomi (Cinnamon fungus) is a pathogenic soil fungus which 
infects plant communities along the south-eastern coast of Australia, and the 
south-western corner of Western Australia. The symptoms of this disease 
include chlorosis, death of branches (ie. ‘dieback’), retarded growth and the 
eventual death of infected plants. This leads to devastating effects upon plant 
communities by altering both the structural and floristic characteristics of these 
communities. 
 
Small mammal species are dependent on specific features of their habitat such 
as vegetation structure and floristics. This thesis investigated alterations to the 
habitat of the insectivorous marsupial mouse, Antechinus stuartii, due to the 
presence of P. cinnamomi. The study was undertaken in an area of an open 
forest in the Brisbane Ranges, Victoria. Significant changes were found in both 
the floristic composition and structure of the vegetation at study sites infected 
with P. cinnamomi, compared to uninfected sites.  
 
The habitat utilization by A. stuartii of uninfected and infected vegetation was 
investigated using live trapping and radio-telemetric techniques. Capture rates 
were higher at sites uninfected by P. cinnamomi, and both male and females 
selected areas free from infection. Home range areas of males were significantly 
larger than those of females as assessed by telemetry. Both sexes spent a high 
proportion of time in areas dominated by Xanthorrhoea australis (Austral grass 
tree). There were significant relationships between the abundance of A. stuartii 
and the denseness of vegetation above 1 metre in height, and in particular, the 
proportion of cover afforded by X. australis.  
 
There were no significant differences in the cover of Eucalyptus spp. between 
uninfected and infected sites, but there were significantly more nest hollows in 
infected areas. The abundance of invertebrates was examined using pitfall 
traps. There were no significant differences in the abundance of the larger 
invertebrate taxa at infected and uninfected sites, but higher abundances of 
some micro-invertebrate groups in infected areas were recorded. 
 
The most likely factors considered to be influential in the habitat selection of A. 
stuartii were vegetation structure, and the presence of X. australis. To assess 
whether these factors were important the leaves of X. australis were removed 
with a brushcutter, to mimic the early effects of infection with P. cinnamomi. 
Animals did not respond to the alteration of vegetation structure in the short 
  ii 
term (3-4 days). Longer-term experiments are required to assess the habitat 
utilization of A. stuartii at different periods following habitat manipulation.  
 
  iii 
The implications of the presence of P. cinnamomi on the conservation of fauna 
are discussed. The destructive nature of the pathogen, and the slow rate of 
recovery from the disease, means that P. cinnamomi can be considered a 
threatening process to plant communities and the fauna that reside within that 
habitat. Future management of this disease within natural areas must therefore 
be cognisant of the potential of P. cinnamomi to significantly affect faunal as 
well as vegetative communities.  
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Chapter 1
 
Introduction 
 
 
 
 
 
 
——————————————————————————————————— 
 
1.1 General Background 
 
The presence of the introduced plant pathogen Phytophthora cinnamomi in 
Australian forests has been of concern to foresters, ecologists and 
environmentalists since the discovery of its role in the destruction of forest and 
other native vegetation in the 1970’s and 1980’s. The main concern with the 
pathogen has primarily related to the loss of production from horticultural, 
agricultural and forest industries. Phytophthora  species were estimated to have 
caused a minimum loss of $223 million, or 3.23% of the gross value of the 
horticultural and pastoral industries in Australia in 1991-2 (Cahill 1993). The 
economic implications of P. cinnamomi  were predicted early (Marks and Idczak 
1977; Newhook and Podger 1972; Podger 1975), and resulted in focussed 
research into the basic biology of P. cinnamomi (Marks and Tippett 1978; Marks 
and Smith 1983; Podger and Ashton 1970; Podger et al. 1965; Weste 1993; Weste 
and Cahill 1982; Weste and Ruppin 1977; Weste and Vithanage 1978a, 1979a, 
1979b).  
 
In addition to tangible economic effects of the pathogen, P. cinnamomi has major 
effects in native vegetation communities, causing a decline in plant species 
diversity, loss of particular species and increases in amount of bare ground. 
Hence, research was also undertaken into the effects of P. cinnamomi in 
vegetation communities such as forests, heathlands and woodlands. While the 
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potential for wider ecological effects of the disease in native plant communities 
had been recognised and referred to by many authors (Anon 1978, 1979; 
Borthwick 1972; Christensen 1988; Dawson et al. 1985; Kennedy and Weste 
1977; Malajczuk and Glenn 1981; Marks and Smith 1991; Podger and Brown 
1989; Podger et al. 1990; Weste 1977; Weste and Law 1973), there has been 
limited research conducted to date on the resultant ecological effects of P. 
cinnamomi.  
 
Ecological studies of the effect of the disease have been carried out at sites in 
Victoria such as Wilson's Promontory (Weste 1981), Brisbane Ranges (Podger 
and Ashton 1970; Weste and Taylor 1971), and the Grampians (Kennedy and 
Weste 1986). In general, the results of these studies detected similar patterns of 
disease extension and alterations to the vegetation communities. A common 
symptom was the death of Austral Grass-trees (Xanthorrhoea australis) and 
many heath species, particularly those from the families Epacridaceae and 
Proteaceae. Combined with this selective death were increases in percentage 
cover of graminoids and bare ground, and structural changes to the vegetation 
community (Dawson 1982; Dawson et al. 1985; Weste and Taylor 1971).  
 
These changes in the composition of vegetation can be argued to have broader 
ecological effects, by altering the composition of habitat available to be utilized 
by vertebrate or invertebrate fauna of the locality. Thus far there has been a lack 
of published data on relationships between the presence of P. cinnamomi and 
the abundance and habitat utilization of fauna. Nichols and Burrows (1985) and 
Postle et al. (1986) demonstrated alterations to the composition of soil 
invertebrate communities at forest sites infected with P. cinnamomi, 
concomitant with a reduction in leaf litter volume. Areas of Jarrah forest 
(Eucalyptus marginata) infested with P. cinnamomi in Western Australia have 
been found to support fewer bird species at lower densities and diversities 
when compared to uninfected control areas, or areas rehabilitated following 
bauxite mining (Nichols and Watkins 1984, Nichols et al. 1989). It has also been 
suggested that infested areas supported a different complement of bird species 
than uninfested areas altogether (Nichols and Watkins 1984). Similar results 
have been recorded from non-P. cinnamomi ‘dieback’ sites in the New England 
Tablelands, N.S.W (Ford and Bell 1981). Some evidence is also presented for 
decreased abundance and species diversity of reptilian (Scincidae) and 
amphibian species in ‘dieback’ affected areas (Nichols and Bamford 1985). 
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The relationship between P. cinnamomi  and mammals has also been 
commented on. It has been predicted that the habitat of the restricted Pseudomys 
shortrigdeii (Heath Mouse) in the Grampians, Victoria may be destroyed by P. 
cinnamomi (Kennedy and Weste 1986). Evidence for an association between P. 
cinnamomi infection of plant communities and low species richness of small 
mammal species exists from  broad scale studies in the eastern Otway Ranges, 
Victoria (Wilson et al. 1990). However, no studies so far have directly 
investigated the relationship between the alteration of habitat due to P. 
cinnamomi, and the utilization of this habitat by mammal species. The 
investigation of this relationship is the prime focus of this thesis. 
 
1.2  Aims of this study 
 
The specific aims of this thesis were to: 
 
i) determine the effects of P. cinnamomi on the floristic and structural 
components of vegetation. 
 
ii) investigate processes of disease extension and changes to vegetation due 
to P. cinnamomi over time. 
 
iii) determine whether the presence of P. cinnamomi affects the capture rate 
and abundance of small mammals. 
 
iv) determine whether the presence of P. cinnamomi alters the utilization of 
habitat by Antechinus stuartii  (Brown Antechinus). 
 
v) assess whether changes in utilization of habitat by A. stuartii are related 
to alterations of the floristic and/or structural components of the 
vegetation, and/or other habitat components. 
 
vi) determine the activity and abundance of invertebrates within their 
ordinal taxa in areas differentially infected with P. cinnamomi. 
 
vii) investigate whether differences in the abundance of indicator 
invertebrate species may reflect the disease states inflicted by P. 
cinnamomi. 
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viii) assess whether A. stuartii may be energetically limited by invertebrate 
food resources to utilizing areas uninfected with P. cinnamomi. 
 
ix) investigate the mechanisms by which vegetation structure may influence 
the utilization of habitat by A. stuartii, using an experimental habitat 
manipulation to mimic the early effects of P. cinnamomi. 
 
1.3 Thesis Outline 
 
This thesis examines the relationship between the effects of P. cinnamomi on 
habitat structure and floristics of vegetation communities, and the population 
dynamics and habitat utilization of the small dasyurid marsupial, Brown 
Antechinus, Antechinus stuartii. The experimental work was undertaken in 
diseased and non-diseased areas of heathy forest communities in the Brisbane 
Ranges, Victoria. The experimental chapters of this thesis first describe a 
preliminary study, and then focus on more detailed studies of the interaction 
between this animal and its habitat.  
 
A preliminary study (Chapter Three) was undertaken to investigate the 
composition of the small mammal community at the Brisbane Ranges, and 
whether P. cinnamomi is related to differences in the capture rate of A. stuartii 
on a broad scale. This section addresses, in part, aims i), iii) and iv). The results 
of this preliminary investigation formed the contents of a paper, which is 
attached at the end of this thesis (Newell and Wilson 1993). The effects of P. 
cinnamomi upon the vegetation at two grid sites, selected for more detailed 
investigations, are detailed in Chapter Four. The results from this chapter 
addressing aims i), ii) and v), detail the specific effects of the pathogen on both 
the floristic and structural components of the vegetation. The analysis of this 
data also resulted in the classification of individual sites on two study grids on 
the basis of infection status. This provided a foundation for comparing animal 
trapping sites and determining consequential effects of P. cinnamomi upon both 
vertebrate and invertebrate fauna (Chapter Five). Further detailed 
investigations of the habitat utilization of A. stuartii  in areas either infected or 
uninfected with P. cinnamomi were undertaken using radiotelemetry, and the 
results of this work are described in Chapter Six. Hence, these two chapters 
address aims iii) to viii). An experimental manipulation of the understorey of 
the forest habitat was subsequently undertaken to mimic the early structural 
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effects of P. cinnamomi on the heath understorey. The results of this experiment 
are described in Chapter Seven, addressing aim ix). 
 
1.4 Study Area: The Brisbane Ranges 
 
 1.4.1 History of the Brisbane Ranges 
 
The Brisbane Ranges, Victoria (Fig. 1.1), includes areas of National Park, 
freehold private land, and water catchments and holding basins managed by 
the Geelong & District Water Board (GDWB) at Durdidwarrah. The Ranges are 
situated on a dissected plateau bounded by the steep escarpment of the 
Rowsley Fault to the east and the Moorabool valley to the west (Fig. 1.2). This 
plateau is elevated (max. 440m) above the plains surrounding Werribee and the 
districts north of Geelong.  
 
The soils are predominantly derived from Ordovician slates and shales which 
are the most common pre-Tertiary bedrock in Victoria (Cas and Vandenberg 
1988). These shales and slates are commonly masked by overlying infertile 
Tertiary and Quaternary white sands, duplex and solodic soils (Beavis et al. 
1976; Cas and Vandenberg 1988). Where the older Ordovician bedrock has been 
exposed erosion has led to the formation of creek lines, gullies and steep 
gorges.  
 
The Brisbane Ranges were probably first inhabited by Koori/Aboriginal people 
from the Yawangi group of the Wautharong tribe (Tindale 1974), as evidenced 
from  grinding stones and middens found beside swamps. European settlement 
of the district began from about 1835. The Brisbane Ranges National Park was 
gazetted in August 1973 with an initial area of 1132 hectares. Further additions 
in the early 1970’s (1902 hectares), and those recommended by the Land 
Conservation Council in 1977, brought the total area of the gazetted National 
Park to 7470 hectares in April 1979 (Department of Conservation, Forests and 
Lands 1980). The Brisbane Ranges National Park now stretches from Maude in 
the southwest towards Bacchus Marsh in the north, and is under the control of 
the Department of Conservation and Natural Resources, Victoria. Previously 
the area had been controlled by the Forests Commission, Victoria.  
  6 
  7 
  8 
Historically, the area has been utilized for timber and gravel extraction, gold 
and slate mining, pastoral leases, apiculture, military training and water 
storage (Department of Conservation, Forests and Lands 1980). Land for water 
storage facilities was first purchased in 1872 at Durdidwarrah to establish the 
Upper and Lower Stony Creek Reservoirs. These reservoirs still service the 
northern Geelong community today. Poor soil structure and fertility of the area 
has been influential in restricting agricultural utilization of land mostly to areas 
other than the plateau. This has resulted in the retention at least in part, of some 
original vegetation. However, many of the trees in the park are coppiced 
regrowth following cutting for firewood, mining timber, fencing posts and 
poles. This resource has been utilized by local settlements such as the gold 
mining town of Steiglitz through several ‘gold-rushes’, as well as the 
surrounding districts and cities. 
 
In the ten years prior to the National Parks Service taking over the park (1979) 
an average of 2,900 tonnes of timber products were removed annually from the 
Ranges in the form of firewood and fence posts. Larger quantities were 
probably cut prior to this, particularly during the first and second World Wars. 
Timber was still being cut from the area during 1972-3 to supply the Colonial 
Sugar Refineries hardboard mill at Bacchus Marsh, until low timber volumes 
decreased the viability of this project (Department of Conservation, Forests and 
Lands 1980). Considering the low productivity of the area due to poor soils and 
the rainshadow from the Otway Ranges, timber utilization in the area has 
probably been excessive, and it is likely that the area forested within the 
National Park is still in a period of recovery following overcutting. The state of 
the dominant Eucalyptus species present and their age classes have obvious 
implications for the mammal and avifauna of the Brisbane Ranges (Traill 1992; 
1993), and it is likely that other vertebrate and invertebrate fauna are also in a 
recovery period.  
 
 1.4.2 Vegetation Communities 
 
The vegetation of the Brisbane Ranges National Park consists of four major 
plant associations. These plant associations are well adapted to local 
environmental factors such as fire regime, soil type and water availability. The 
first major association found on the coarse sands of the plateau, are the heathy 
forests; which are dominated by Eucalyptus obliqua (Messmate Stringybark), 
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Eucalyptus macrorhyncha (Red Stringybark) and Eucalyptus aromaphloia (Scent-
bark). The second association, found on Ordovician slopes, is dominated by 
Eucalyptus dives (Broad-leafed Peppermint), E. macrorhyncha, and Eucalyptus 
sideroxylon (Ironbark). The understorey in both of these communities is often 
quite dense with characteristic ‘heath’ species such as Platylobium obtusangulum 
(Common Flat Pea), Isopogon ceratophyllus (Horny Conebush), Pimelia humilis 
(Common Rice Flower) and Lepidosperma semiteres (Sword-sedge). As well as 
these definitive species, the Austral Grass-tree, X. australis, is also very 
prevalent and contributes significantly to the density of the understorey 
vegetation (Department of Conservation and Environment 1986; Weste 1986). 
These two associations constitute the primary vegetation types investigated in 
this thesis.  
 
The third association, low open forest, is often located on fine sands lying over 
heavy clay in the western region of the park. The characteristic dominant 
vegetation of this association includes Eucalyptus viminalis (Manna Gum), 
Eucalyptus pauciflora (Snow Gum) and Eucalyptus ovata (Swamp Gum). The 
understorey is generally composed of grasses, lillies, L. semiteres (Sword-sedge), 
Danthonia pallida (Pale Wallaby Grass), mosses, Helichrysum obcordatum (Grey 
Everlasting) and Prostanthera descussata  (Dense Mint-bush). 
 
The fourth major vegetation association is forest associated with streams and 
watercourses in sheltered areas. This association is comprised mainly of E. 
viminalis and E. ovata, along with Acacia melanoxylon (Blackwood), Leptospermum 
lanigerum  (Woolly Tea-tree) and other Tea-tree species, grasses (eg. Poa sp.), 
sedges, rushes, lillies and ferns in close proximity to the water source. This 
association is common along the upper reaches of Little River, and north of the 
reservoirs at Durdidwarrah. 
 
 1.4.3 Fauna 
 
Few studies have been carried out on the small vertebrate fauna of the Brisbane 
Ranges, and in particular the mammal fauna. The region is, however, well 
known for its larger mammalian fauna including Grey Kangaroo (Macropus 
giganteus), Swamp Wallaby (Wallabia bicolor), and Koala (Phascolarctus cinereus). 
Records of smaller mammals are primarily derived from small-scale surveys, 
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where Antechinus stuartii (Brown Antechinus) has been found to be a common 
member of the mammal community (Conole 1981; Conole and Baverstock 1988; 
Hampton 1971; Mattingley 1911; Pescott 1968). These reports have been 
consistent in reporting the low species richness of the area, but have provided 
few suggestions as to the underlying reasons for this low diversity. Sub-fossil 
records of the fauna as researched by Conole and Baverstock (1988) suggested 
that the species diversity of the mammal fauna of the region has declined. 
Species such as Rattus fuscipes and Sminthopsis murina were formerly present in 
the area but are now locally extinct. Reasons put forward by authors (Conole 
1981; Conole and Baverstock 1988; Hampton 1971; Pescott 1968) for the low 
species diversity of mammals include lack of physical cover at ground level, 
lack of variety in the shrub layer due to poor soils or human exploitation and 
uncontrolled illegal shooting of larger faunal species. 
 
 1.4.4 Disturbances from Phytophthora cinnamomi and fire 
 
The history of P. cinnamomi in the Brisbane Ranges has been well documented 
when compared to other Victorian sites (Weste and Taylor 1971; Weste and 
Law 1973; Weste 1974). Similarities between disease symptoms at the Brisbane 
Ranges and that of 'Jarrah dieback' of Western Australia were first noted 
around 1970 (Podger and Ashton 1970). The proposed mechanism of spread 
was by earthmoving equipment, particularly those used in grading verges and 
constructing drainage channels (Podger and Ashton 1970) along Ballan Road. 
Maps of infected areas indicated the relationship between roads, tracks and 
drainage lines, and the spread of the disease throughout the forest communities 
of the ranges (Weste and Taylor 1971). In November 1970 the total area infected 
was around 60 hectares (approximately 1% of the park) in small, widely 
scattered patches (Weste and Taylor 1971) (Fig. 1.3), however by 1980-81 almost 
all susceptible vegetation on the exposed plateau of the area had succumbed to 
the infestation (Fig. 1.4). The rapid expansion of the disease has been related to 
the nature of the pathogen, composition of the resident plant communities, 
local climate and geology (Dawson and Weste 1985).  
 
The most obvious effect of the disease in the Brisbane Ranges is to change the 
understorey of the forest from one dominated by X. australis, to an understorey 
composed primarily of large areas of bare ground and sedges which are more 
resistant to P. cinnamomi (Weste 1986). Xanthorrhoea australis 
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succumbs totally to infection (Weste and Taylor 1971) and represents a rare 
example of a field-susceptible monocotyledon, as most monocotyledonous 
species are normally resistant to the pathogen (Weste 1986). Many heath species 
also show significant decline with the pathogen, including Monotoca scoparia, 
Epacris impressa and Isopogon ceratophyllus. In general, plants belonging to the 
families Epacridaceae and Proteaceae are regarded as being susceptible to the 
disease. Species that have shown significant increases in abundance and area 
covered include Lomandra filiformis and Gahnia radula. Both of these 
monocotyledons are regarded as being resistant to the disease, and belong to 
the families Liliaceae and Cyperaceae respectively (Weste 1986). Hakea sericea, 
an unusual example as a resistant member of the Proteaceae, is also resistant 
and may also proliferate at the expense of susceptible species (Dawson et al. 
1985). Immediate increases in the area of bare ground following infection have 
also been noted, however infected areas were generally colonised by resistant 
plant species that could tolerate higher inoculum levels of the pathogen (Weste 
1986). 
 
Considering the combination of environmental factors at the site, such as soil 
type, vegetation and climate (see Chapter 2), the prognosis is that the flora of 
the plateau regions of the Brisbane Ranges in the long term will develop 
towards an impoverished community which will be resistant to further attack 
(Malajczuk and Glenn 1981). Limited regeneration of some susceptible plant 
species has been documented as occurring 12-20 years post-infection (Dawson 
et al. 1985; Weste 1986), however this relates only to 8 individual seedlings of X. 
australis in an area of 48.8 x 48.8 m. Follow up studies by Weste (1993) at these 
sites have shown that X. australis  has begun to recover at infected sites with 
nine plants being found on a site infected 30 years ago, and Leucopogon virgatus 
reappearing on sites 23 years post-infection. Surprisingly though, apart from 
waterlogged areas, the Eucalyptus species appear to be minimally affected by 
the pathogen. Minor ‘dieback’ in these plants may be due to a combination of 
both P. cinnamomi and leaf miner insect attack (Landsberg 1988). 
 
In removing only susceptible plant species within particular vegetation 
communities, this disease has the potential to significantly alter not only the 
floristics, but also the physical structure of the community (Weste 1980, 1981; 
Weste and Vithanage 1978a; Kennedy and Weste 1986). The overall 
consequence of infection of these plants is a drastic alteration to the 
composition of the vegetation, and the habitat that is available for fauna.  
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The fire history of the district is difficult to ascertain. The Brisbane Ranges have 
been exposed to high intensity fires during the ‘1939’ fires, and the ‘Lara’ fires 
of 1967. Much of the National Park has been managed with a program of fuel 
reduction burning during autumn and spring, with particular attention paid to 
the surrounds of picnic areas and the Ballan Road. This program undertakes to 
reduce the fuel load in targeted areas so as to decrease both the likelihood and 
intensity of wildfires.  
 
 1.4.5 Climatic Conditions 
 
The Brisbane Ranges is elevated approximately 300m above sea level, resulting 
in a different climate to that of the surrounding plains. In general, the weather 
station at Durdidwarrah (Fig. 1.1) records higher annual rainfall than other 
local areas such as Anakie, Bacchus Marsh and Geelong (King 1992). The 
average annual rainfall is 660 mm per annum for the 58 year period that 
records have been kept. Rainfall in the area around Durdidwarrah has a great 
deal of monthly variability but is evenly spread over the year (Fig. 1.5).  
 
Seasonal fluctuations in temperature (Fig. 1.6) are evident across the year, but it 
would be expected that this fluctuation would be modified by coastal 
influences to the south. Temperature records were kept at Durdidwarrah (the 
closest and most central weather station  in relation to study sites) until late 
1985. Records of temperature for Ballarat, Laverton and Norlane (Appendix 1) 
suggest that the temperature at the study sites is likely to be between these 
three values. 
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Fig. 1.5  Mean monthly rainfall (± s.d.) at Durdidwarrah between 1965-92. 
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Fig. 1.6 Mean minimum and maximum monthly temperatures (± s.d.) at 
Durdidwarrah between 1965-85. 
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Chapter 2
 
Literature Review 
 
 
 
 
 
 
——————————————————————————————————— 
 
2.1 Introduction 
 
This thesis examines the effects of P. cinnamomi on the floristic and structural 
characteristics of vegetation, and the consequential effects of these observed 
changes on the population biology and habitat utilization of Antechinus stuartii .  
 
Hence there are three main areas of information necessary to this study, which 
form the foci of this literature review. 
 
a)  the biology of A. stuartii, including its habitat preferences and response 
to habitat changes 
b)  the biology of P. cinnamomi and its effect on vegetation and animal 
communities. 
b) community attributes/dynamics, the effects of habitat disturbance, 
fragmentation and succession, and their effects on small mammal 
communities. 
 
2.2 Antechinus stuartii 
 
Antechinus stuartii is a small dasyurid marsupial characterised by a body 
structure resembling eutherian Orders Insectivora or Carnivora (Plate 2.1: 
Morton et al. 1989). This species was described taxonomically by Macleay in 
1841 from a single male specimen from Spring Cove, near Manly in New South 
Wales (Wakefield and Warneke 1963, 1967).                               
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   Plate 2.1 Antechinus stuartii  
   Full head-body-tail length approximately 100 mm. 
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Antechinus stuartii is the most abundant small native mammal species within its 
range in south-eastern Australia (Wakefield and Warneke 1967) and is 
recognizable as two sub species, A. stuartii stuartii and A. stuartii adustus. The 
latter sub-species appears confined to north-eastern Queensland (Wakefield 
and Warneke 1967). More recent taxonomic investigations based on 
electrophoretic investigations of morphologically similar forms of A. stuartii 
suggest that two different reproductively-isolated forms exist within a 300 km 
radius of Sydney (Dickman et al. 1988). Considering the wide distribution of the 
species and the reproductive isolation of populations (Moritz 1982), it is likely 
that many more forms or sub-species of A. stuartii exist throughout Australia. 
 
2.2.1 Life history and general biology of Antechinus stuartii 
 
Antechinus stuartii are of a medium body size within the dasyurid marsupials. 
Body mass varies on the basis of sex (Braithwaite, R.W. 1983) and latitude (Van 
Dyck 1982). Mean body mass for males is 35g [29-71g range], while females 
weigh approximately 20g [17-36g range] (Braithwaite, R.W. 1983). Antechinus 
stuartii, along with approximately one-third of all dasyurid species, exhibit an 
unusual life history characterised by a highly synchronised breeding season 
between July and September, followed soon after by the death of all the males 
in the population (Barker et al. 1978; Dickman 1982; Lee et al. 1982; Selwood 
1985; Wood 1970). This means that the males mate for only one season 
(semelparous), whereas some females in the population mate for two seasons 
(Braithwaite and Lee 1979; Lee et al. 1982). The death of male dasyurids is 
associated with hepatic necrosis, gastrointestinal ulcers and haemorrhage, and 
increased numbers of parasites (Barker et al. 1978; Beveridge and Barker 1976), 
which appears ultimately influenced by stress and an increased corticosteroid 
concentration (Bradley et al. 1980; Lee et al. 1977, 1982; Lee and McDonald 1985; 
McDonald et al. 1980).  
 
In laboratory studies it was found that the young are left in the nest until 
around 55 days. Their eyes open about 10 days later and they begin leaving the 
nest in exploratory behaviour around 75 days post partum (Settle and Croft 
1982). Juvenile males and females emerge from the nest and begin feeding on 
the ground in December, initially by snatching food from the mother (Dickman 
1982). Young A stuartii become independent of their mother (Dickman 1982) 
and trappable in the population in mid-January (Statham 1982b; Statham and 
Harden 1982b). Male A. stuartii disperse from the maternal nest permanently at 
the time of weaning, and often cross large distances to other occupied nests. 
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Female A. stuartii remain philopatric to the maternal nest site which they may 
share with several unrelated males (Cockburn et al. 1985b; Dickman 1982). 
 
It has been proposed that the synchronization of breeding in A. stuartii, and the 
emergence of a young cohort in January or February is timed to coincide with 
the maximum abundance of invertebrates which are the main food resource for 
the species (Braithwaite 1979; Lee et al. 1977). The yearly fluctuations in 
populations of A. stuartii, coupled with their reliance on variable food 
resources, has led to the observation that A. stuartii and other dasyurids are 
confined to predictable seasonal climates, and in vegetation communities such 
as heathlands, forests and woodlands. Unreliable food resources in any year 
could mean the local demise or extinction of the population (Lee and McDonald 
1985).   
 
2.2.2 Social organization of A. stuartii  
 
The social structure associated with the reproductive behaviour of A. stuartii 
has been extensively studied (Braithwaite 1979; Cockburn and Lazenby-Cohen 
1992; Lazenby-Cohen and Cockburn 1988, 1991; Lazenby-Cohen 1991). This 
species lives communally for most of the year. Prior to the breeding season 
males and females nest communally, in nests commonly located in trees. Males 
spend 67-77% of time in nest trees, while females spend proportionally more of 
their time in these nests (74-83%: Lazenby-Cohen 1991). This time is distributed 
through most of the daylight hours and the latter part of the night, with A. 
stuartii emerging to feed soon after dusk (Lazenby-Cohen and Cockburn 1988; 
Lindenmayer et al. 1991).  
 
The home range of an animal may encompass all the area that it traverses in 
order to carry out all its normal activities (Burt 1943). Apart from the social 
aspects of their home range A. stuartii obviously require foraging areas. These 
areas are small (0.94 ha - males, 0.38 ha - females) in comparison to the area of 
the overall home range (Lazenby-Cohen and Cockburn 1991). Male A. stuartii 
maintain larger and more dynamic foraging ranges, compared to the more 
rigidly determined foraging ranges for females (Lazenby-Cohen and Cockburn 
1988, 1991). It is contended that these well defined female home ranges are 
essential due to the high energetic cost of lactation (Lazenby-Cohen and 
Cockburn 1991).  
 
Nest sites have been postulated as the most focused sites of social interactions 
even during the mating season (Lazenby-Cohen and Cockburn 1988, 1991), 
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with mating often taking place in communal nests (Lazenby-Cohen 1991). One 
proposal has been that A. stuartii have a lekking mating system, where females 
maintain a single private nest and visit males in their communal nests 
(Cockburn and Lazenby-Cohen 1992; Lazenby-Cohen and Cockburn 1988). 
Male A. stuartii may establish extensive social ranges (ie. portion of home range 
utilized for interactions with conspecifics), which are traversed regularly 
following weaning, to interact with as many females as possible prior to the rut 
(Lazenby-Cohen 1991). It has been proposed that it is this social contact which 
directly enhances the likelihood of successful mating later during the rut.  
 
Antechinus stuartii may, on occasions, share nest hollows in trees with other 
arboreal species, which are usually larger than itself. In montane ash forest of 
the Victorian central highlands, A. stuartii on occasions shared nests with 
Trichosurus caninus (Lindenmayer et al. 1991). In general, A. stuartii in this 
habitat type used nests about 18 metres above ground level, with entrances 
provided by holes in the trunk. Antechinus stuartii emerged from these nests 
just on dusk (Lindenmayer et al. 1991). 
 
2.2.3 Habitat components and small mammals 
 
The process of selection and utilization of habitat by small mammals has 
commonly been analyzed according to the partitioned components of the 
habitat (Braithwaite et al. 1978; Braithwaite and Gullan 1978; Cockburn 1978; 
Gullan and Robinson 1980). The vegetative elements of habitat are often 
dissected into floristic and structural components (McCoy and Bell 1991).  
 
The floristic elements of a particular community include the presence or 
absence of individual plant species. Floristic components have often been 
considered a useful indicator of preferential use of habitat for mammal species, 
due to strong relationships between the plant species present, edaphic 
conditions and food availability (Braithwaite and Gullan 1978; Cockburn 1978; 
Gullan and Norris 1981).  
 
Habitat structure is a term that has been used to describe the physical structure 
of the environment, eg. (the density and frequency of vegetation at different 
height levels above ground, the presence of rocks, logs, litter, soil type, and 
other components). However the terms vegetation and habitat structure have 
been variously defined and confused between different studies, and have often 
been intertwined with other ecological concepts such as resource partitioning 
and predation (McCoy and Bell 1991). Despite the confusion in terminology it is 
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obvious that the physical structure of the environment influences the 
community indirectly by providing an appropriate microclimate, and directly 
by providing nest sites, resting or basking sites, food, and allowing mating and 
egglaying to take place (Brown 1991, Morrison et al. 1992). For these reasons 
habitat structure is likely to be of considerable importance for fauna. 
 
Studies of the relationships of small mammals and their habitat have focused 
on both floristics and vegetation structure of sites (Braithwaite et al. 1978; 
Braithwaite and Gullan 1978; Cockburn 1978; Gullan and Robinson 1980). It 
appears logical that granivores and folivores may be more dependent upon the 
presence of specific plant species, than omnivorous or carnivorous species. 
These omnivorous species however, may rely more heavily upon the structure 
of the vegetation, rather than specific composition of the habitat, for searching 
for prey items, or for cover from predators (Brown 1991; Myton 1974; 
Rosenzweig and Winakur 1969). Therefore various animal species may utilize 
different elements or habitats within a specific community. However it is 
unlikely that a single species would simply be reliant upon either just the 
floristics of the vegetation, or its structure, or any other single environmental 
factor. There is more likely to be a complex interaction between a range of 
factors that are both difficult to determine individually, and dissect from one 
another. While the important factors may be dissected from large data sets with 
multivariate statistical techniques (Clarke 1993; Gauch 1989), confirmation of 
the habitat requirements of A stuartii may be achieved through experimental 
manipulation of factors, in addition to observational studies (Statham and 
Harden (1982b). 
 
2.2.4 Habitat utilization and preferences of A. stuartii  
 
Antechinus stuartii is widespread in the moister regions of temperate and 
tropical Australia (Wakefield and Warneke 1967; Wood 1970) and has been 
recognized in several studies as being a habitat generalist (Gullan and Robinson 
1980; Suckling and Heislers 1978). Although considered a generalist, A. stuartii 
exhibits a preference for closed forest communities, followed by tall closed 
forest, tall woodland and dry sclerophyll open forest (Statham and Harden 
1982b). This preference ranking is similar to other often sympatric species such 
as A. swainsonii: (Stewart 1979; Wakefield and Warneke 1963), and R. fuscipes 
(Braithwaite et al. 1978; Stewart 1979). 
 
Studies have shown that A. stuartii is more dependent on the structure of 
vegetation than on the floristics in wet sclerophyll forest (Gullan and Robinson 
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1980) and in drier forest (Bennett 1993) in Victoria. Other studies, however, 
have shown that A. stuartii was not consistently associated with any particular 
floristic or structural grouping within homogeneous vegetation (Cockburn 
1981; Hall and Lee 1982), or may be associated with both structural and floristic 
elements of the habitat (Moro 1991). The indirect relationship between the 
floristics of vegetation communities and the food resources of A. stuartii has led 
to the suggestion that floristics are poor predictors of the habitat preferences, or 
the presence of, A. stuartii (Barnett et al. 1978). In weighting both structural and 
floristic components of the vegetation, Fox and Fox (1981) found that structure 
accounted for 39% of variance in A. stuartii distribution, while floristics 
accounted for 19%. A combination of both variables accounted for only 40% of 
the variation. Consequently, while habitat structure is a large factor in habitat 
selection by Antechinus spp., other factors which may be less easily identified 
are also likely to be important. 
 
There are conflicting reports regarding the use of structural habitat components 
for A. stuartii, especially for ground-level features and low level vegetation. 
Antechinus stuartii has been shown to prefer native Eucalyptus forest habitats to 
pine plantations (Barnett et al. 1978). This study found an inverse association of 
male A stuartii with vegetation denseness, and an association between female A 
stuartii and logs (Barnett et al. 1978). Other studies found no association 
between captures of A. stuartii and vegetation cover or the presence of logs 
(Statham and Harden 1982b). In tall woodland and forests, A. stuartii is most 
regularly caught in or adjacent to gullies (Suckling and Heislers 1978), and is 
also known to use habitat corridors in fragmented habitats (Bennett 1990b). In 
another study A. stuartii avoided areas with sparse shrub layer in dry 
woodlands (Statham and Harden 1982b). Hence the utilization or preference for 
the lower vegetation levels by A. stuartii may be site or habitat specific. 
Antechinus stuartii have also been recorded utilizing Xanthorrhoea spp. in 
different habitats, including areas almost devoid of trees (Wakefield and 
Warneke 1967). For this reason A. stuartii may be seen to be opportunistic in the 
selection of habitat.  
 
The most plausible reason for the diversity of responses of A. stuartii to habitat 
lies in the wide distribution of the species throughout Australia. It occurs in a 
broad range of habitats, and the scansorial and cryptic nature of A. stuartii 
allows the use of the three dimensional nature of the habitat (Stewart 1979), 
which is coupled with their capability of using a variety of arboreal nest sites 
(Lindenmayer et al. 1991). As well as using a variety of habitats and nest sites, 
A. stuartii is recognized for its ability to use almost all of the habitat available 
  8 
 
with little ‘edge effect’ at ecotonal boundaries (Barnett et al. 1978; Statham and 
Harden 1982b).  
 
Another confounding problem in the elucidation of habitat preferences of A. 
stuartii, is the lack of definition of scale at which the habitat is assessed. Habitat 
may be arbitrarily subdivided into macrohabitat and microhabitat components. 
Macrohabitat may refer to the structure of the whole community including 
rocks, shrubs, trees, and other components. However, each of these elements 
will themselves provide different habitat at a finer scale or resolution. For 
example, it is known that A. stuartii utilize trees in montane forest 
(Lindenmayer et al. 1990a), however they use different parts of the tree for 
different purposes. They are known to nest high in the trees in nests with 
specific size and entrance characteristics (>18 metres above ground level), yet 
forage further down the trunk for bark-dwelling invertebrates. In this manner 
A. stuartii can be seen to utilize different microhabitat components of one 
macro-element of the habitat for different purposes. 
 
2.2.5 Diet and foraging niches of A. stuartii  
 
Apart from habitat components, food is another factor that ecologists have 
traditionally looked at to explain the demography and population ecology of 
small mammals (Ford and Pitelka 1984; Hannson 1979; Jameson 1955; Krebs 
1966; Smith 1971). Antechinus species are considered opportunistically 
insectivorous in their dietary selection. Qualitative assessment of the stomach 
contents of 70 animals taken from Powelltown and Daylesford, Victoria, 
demonstrated that the diets was mostly composed of arthropods (Leonard 
1972). The opportunistic nature of their diet is evidenced by the consumption of 
small invertebrates in roughly the same proportions as they are available in the 
habitat (Fletcher 1977; Fox and Archer 1984; Hindmarsh and Majer 1977; Majer 
1978; Statham 1982a).   
 
Despite the opportunistic nature of food selection, several taxa appear 
consistently in both faecal and gut content analyses of A. stuartii, perhaps due 
to their availability and size. These taxa include the Orders Blattodea 
(cockroaches), Aranae (spiders), and Coleoptera (beetles and weevils) and other 
larval invertebrates (Table 2.1). Antechinus stuartii may also display some 
selectivity for invertebrates on the basis of their mobility, and actively avoid 
other taxa such as ants, amphipods and isopods (Hall 1980). Antechinus stuartii 
has been reported to consume a wide range of small prey items (<1 mm) such 
as ants, ticks, mites, and springtails in small quantities, which may be ingested 
  9 
 
accidentally (Hall 1980; Predavec 1990). These appear to remain undigested in 
the faeces and therefore contribute little to the energy balance of the animal 
(Hall 1980).  
 
Table 2.1 Food preferences of A. stuartii  
  All report ingestion of Coleoptera and Aranae 
  * = with competition with A. swainsonii, ** = without competition 
 
Reference Preferred Food  Size  Notes 
Hall 1980 
 
Amphipods 
larvae 
 actively search for 
beetles and spiders in 
leaf litter 
Statham 1982a Blattodea 
 
0.5-2.0 cm  
Predavec 1990 Blattodea 
 
 also ants, accidentally 
avoid Amphipods, 
Diptera and Orthoptera 
Dickman 1986a Blattodea 
 
various sizes 
1.0-7.4 mm * 
1.0-12.4  mm ** 
details on p25 of thesis 
Fox and Archer 1984 
 
Blattodea  
Larvae 
 
  
Green 1989 Hemiptera 
Blattodea 
Larvae 
  
 
The concept of dietary opportunism has been disputed, at least in part, by 
Sanson (1985) who argues that there is a greater variation in dentition within 
the dasyurids than previously recognized.  This variation is required to cope 
with crushing the carapace of invertebrates of different size-classes and taxa; 
and concurs with the observation that different species select prey on the basis 
of size. Sanson (1985) therefore believes that the variation in the dentition of the 
dasyurids suggests a greater specialization in the mechanics of mastication and 
therefore prey selection.  
 
Antechinus stuartii are generally considered to be insectivorous, however faecal 
samples taken during winter months have contained considerable quantities of 
flowers of Acrotriche aggregata (Fletcher 1977, Statham 1982a). Since invertebrate 
abundances are at their lowest during this time, an inference is that A. stuartii 
can supplement its normally carnivorous diet with vegetative matter when 
necessary.  
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Studies of the diets of sympatric dasyurid species have found a high degree of 
dietary overlap. Antechinus stuartii and A. swainsonii occurring sympatrically 
exploit the same prey population (Hall 1980), though this may vary with 
altitude and seasons (Green and Crowley 1989). Antechinus stuartii consume a 
wider variety and larger quantities of weevils, and overall have a wider diet or 
trophic diversity than A. swainsonii. This is considered to be related to the 
different microhabitat available, due to scansorial nature of A. stuartii (Hall 
1980). Similar results were recorded for a sympatric relationship of A. stuartii 
with S. murina (Fox and Archer 1984).  
 
Two different foraging niches have been recognized for Antechinus spp. - a 
niche for a small scansorial species, and a larger soil fossicking niche 
(Braithwaite et al.  1978). Experimental investigations of sympatric relationships 
between A. stuartii  and A. swainsonii by manipulating the numbers of both 
species have identified the existence of interference competition on the forest 
floor (Dickman 1986a, 1986b; Dickman and Woodside 1983). This is evidenced 
by an increase in the numbers and altered diurnal activity patterns of A. stuartii 
following the removal of A. swainsonii. Antechinus stuartii also altered their use 
of habitat by increasing their use of the forest floor, and consumed a greater 
diversity and size range of invertebrate taxa (Dickman and Woodside 1983). 
Dickman (1986a, 1986b) reported that A. stuartii took prey predominantly in the 
size classes 1.0-2.4, 2.5-4.9 and 5.0-7.4 mm. However, with reduced competition 
from A. swainsonii, A. stuartii took larger prey, and with increased competition 
took smaller prey (Table 2.1). In addition more A. stuartii young survived and 
home range sizes increased following removal of A. swainsonii (Dickman 
1986b). Therefore, separation between these two sympatric species is likely to 
be based on diet, with the larger A. swainsonii taking proportionally more of the 
larger prey items (Hall and Lee 1982), and separation being more pronounced 
in winter months when food is scarce (Hall and Lee 1982). 
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Spatial avoidance might be achieved by the scansorial nature of A. stuartii as 
opposed to the more terrestrial nature of A. swainsonii, or by different diel 
activity of the two species (Hall and Lee 1982). This information is supportive 
of the idea that A. stuartii prefers to use the forest floor to vertical surfaces of 
trees, etc., in its search for food. In many habitats A. stuartii may be restricted to 
aerial structures due to competition with other dasyurids, or other small 
mammals. In the absence of other small mammals, A. stuartii can fill the role of 
the soil fossicker as well as, or perhaps at the expense of, the scansorial hunter.  
 
A comparatively low diversity of small mammals in Australian habitats has 
been noted, and it has therefore been suggested that sexually dimorphic species 
can utilise a broader range of resources within a particular community (Lee et 
al. 1982; Morton 1978). Hence a single species can effectively operate as two 
within a community. This then removes competition for resources (ie they take 
different prey sizes), and allows utilization of different niches within the 
community (Fox 1982c). Hence A. stuartii, which is sexually dimorphic, may be 
able to  operate in more than one niche or ecological role within a community.  
 
Despite this dimorphism, both male and female A. stuartii consume similar 
amounts of prey, (~7 kg/yr; Green et al. 1991), and in winter consume 
approximately 60% of their body weight in arthropods each day (Nagy et al. 
1979). However, if the male lifespan were more protracted, it is likely that 
males would probably eat up to 40% more than females (Green et al. 1991). Prey 
consumption by A. stuartii was found in females to be generally steady from 
April to October but increased in November due to lactation. Food intake by 
males was highest in May, June and July when body mass increased rapidly 
prior to the mating season (Green et al. 1991). Accompanying changes in fat 
deposition with alteration in food intake over the year also adjusted the 
nitrogen balance in these animals (Woollard 1971). Both females and males 
enter a period of positive nitrogen balance from March through to June when 
females equilibrate, but males enter a period of rapid decline around the time 
of sexual maturity (June-July), with a maximum nitrogen deficit occurring 
around the time of breeding in August and September (Woollard 1971). This 
response of male A stuartii is similar to premature aging, due to overactive 
adrenal glands releasing pathological amounts of cortisol. This is evidenced by 
increases in the size of the zona fasiculata and decreases in zona glomerulosa 
and zona reticularis in the adrenal gland during the breeding season (Woollard 
1971).  
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2.2.6 Food availability and population densities of A. stuartii  
 
The reliance of A. stuartii on finite invertebrate resources raises the question of 
whether A. stuartii populations are regulated by food resources. Female A. 
stuartii have been found to return to nests after a two hour period of intensive 
foraging, with the time dedicated to foraging altering little across the year  
(Lazenby-Cohen and Cockburn 1991). However, more foraging excursions 
were made during the lactational period, when the females nested alone with 
up to ten young which were too small to contribute to the heat pool (Lazenby-
Cohen 1991; Lazenby-Cohen and Cockburn 1991). This suggests that food 
availability is more than sufficient for the high energetic requirements of A. 
stuartii, even during winter months and the lactation period when invertebrate 
abundance is low (Lazenby-Cohen and Cockburn 1988). Therefore food 
resources were considered as being sufficient to maintain populations of A. 
stuartii  throughout the year (Statham 1982a).  
 
In studies where food was supplemented, increases were detected in the 
number of individual A. stuartii, mean body weight, rates of survival, while 
there were decreased movements between trap sites and a decrease in overlap 
of home range area (Dickman 1989). Reproduction, home range area, mean 
head-body length, and use of terrestrial and arboreal components of the habitat 
remained unchanged (Dickman 1989). The effects of food supplementation 
were most evident when natural food sources were scarce. Overall Dickman 
(1989) concluded that A. stuartii populations are highly regulated by food. This 
concurs well with observations of the result of supplementary food on increases 
in reproductive capabilities, population size and growth rates for small 
mammals (Peromyscus spp.: Briggs 1986; Snowshoe Hares: Krebs et al. 1986), 
and decrease size of home ranges and movements (Broughton and Dickman 
1991; Morris 1985).  
 
Reported densities of A. stuartii and populations of other Antechinus spp. 
recorded from throughout Australia vary considerably depending upon the 
habitat (Table 2.2). The factors influencing these densities, as discussed above, 
may include the level of vegetative cover available (Bennett 1993; Gullan and 
Robinson 1980), competition with sympatric species (Dickman 1989; Hall and 
Lee 1982), or the availability of food resources (Dickman 1986a, 1986b, 1989; 
Statham 1982a). 
 
 
Table 2.2 Reported densities of Antechinus spp. in different habitats 
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Species Density Habitat Report 
    
A. flavipes 3.5/ha sclerophyll forest Dwyer et al. 1979 
A. flavipes 6/ha sclerophyll forest Christensen & 
Kimber 1975 
A. stuartii  4.4/ha wet sclerophyll Statham 1982b  
A. stuartii  1.6 - 3.0/ha logged rainforest Fletcher 1977  
A. stuartii  3/ha wet sclerophyll Nagy et al. 1979 
A. minimus 80/ha Great Glennie Is. Wainer 1976 
 
2.3.1 Phytophthora cinnamomi  
 
Phytophthora cinnamomi was first recognised in Australian native vegetation by 
the death of both understorey and canopy plant species, hence the disease has 
often been termed ‘dieback’. The term ‘dieback’ has been used to refer to the 
loss of canopy cover of vegetation predominantly in Australian eucalypt 
forests. Factors such as nutrient changes, insect defoliation, other diseases, 
climate changes and plant water relations are all known as frequent causative 
agents of ‘dieback’. While each of these factors can lead to symptoms of 
‘dieback’ they may not necessarily work in isolation of each other, therefore the 
use of the term ‘dieback’ specifically to P. cinnamomi is erroneous. 
 
Phytophthora cinnamomi was originally described from cinnamon trees in 
Western Sumatra in 1911 (Rands 1922). The genus Phytophthora belongs within 
the oomycetic protoctists which contain approximately 40 species found 
worldwide (Zentmyer 1980), and includes the species P. infestans which was the 
causative organism of the Great Irish Potato Blight and famine of 1845 
(Whitney 1977). Current fungal taxonomy suggests the Oomycetes as a group 
may not sit comfortably in the Phylum Fungi because of cell wall structure and 
motile zoospores (Margulis and Schwartz 1988), but for the purposes of this 
thesis, and in keeping with the common perceptions of the disease, P. 
cinnamomi will be referred to as a fungus.  
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2.3.2 Origin and distribution of P. cinnamomi in Australia  
 
Theories on the origin of P. cinnamomi in Australia have been controversial with 
some authors contending that the pathogen occurs naturally, and manifests 
itself following disturbance (Pratt and Heather 1973a, 1973b; Pratt et al. 1973; 
Shepherd 1975; Shepherd and Cunningham 1978). Others have maintained that 
the pathogen was introduced and has spread along the east coast of Australia, 
and to the forests of Western Australia as early as the 1920's (Fagg et al. 1986; 
Kassaby et al. 1977; Newhook and Podger 1972; Tregonning and Fagg 1984; 
Weste and Marks 1987; Zentmyer 1988).  
 
The idea of a more recent introduction of P. cinnamomi is supported by several 
observations. These include observations that the pathogen has a restricted 
national distribution, and that plant species have a low genetic tolerance to the 
pathogen (Harris et al. 1983, 1985). The disease cannot be induced with soil 
disturbance alone (Weste 1974), and the disease is usually associated with 
human intervention (Newhook and Podger 1972). For these reasons the most 
widely accepted theory is that P. cinnamomi is an introduced pathogen (Weste 
and Marks 1987). 
 
Phytophthora cinnamomi is widespread throughout Australia but is generally 
restricted to moist temperate and tropical zones due to a series of edaphic and 
climatic factors (Weste and Marks 1987). It is associated with root rot in crops 
such as avocadoes and pineapples (Brown 1976), and the death of Eucalyptus  
spp. on the Gove Peninsula, N.T. (Weste 1983). The disease is also found in 
Tasmania in coastal forests and heaths (Podger and Brown 1989; Podger et al. 
1965, 1990), in the kauri forests in New Zealand (Newhook and Podger 1972; 
Podger and Ashton 1970), but is more commonly known for its devastating 
effects in Victoria and Western Australia. Phytophthora cinnamomi is spread 
throughout the moist temperate forests, particularly in Jarrah (Eucalyptus 
marginata) forests of Western Australia and the foothill forests and woodlands 
of Victoria.   
 
In Victoria the two major sites of infection, and investigation have been 
Gippsland and the Brisbane Ranges (Dawson et al. 1985; Weste 1974; Weste et 
al. 1976). The disease was first observed at Cricket Bat Willows on the Werribee 
Sewage Farm in 1935, and may have first been recorded as death in Eucalyptus 
forests in 1952 (Lee 1962; Marks and Smith 1991; Weste and Marks 1974), 
however this observation may be related other causes such as waterlogging (G. 
Weste, pers. comm.). Surveys in East Gippsland located over 300 patches of 
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disease varying in size from 0.5 to 300 ha totalling approximately 6000 ha 
(Marks and Smith 1991). While this may have only constituted 2.4% of the area 
surveyed, the actual economic costs of the disease to forest industries have been 
very difficult to determine (Marks and Smith 1991). 
 
Most other sites where the disease is found in Victoria are of low economic 
importance. The disease is present in the Grampians (Anon 1979; Kennedy and 
Weste 1977, 1986) where it has infected approximately 30% of a 200,000 ha area 
(Marks and Smith 1991). More recent data suggests that the disease has spread 
considerably since 1976, probably due to drought stresses in 1982-3 (Marks and 
Smith 1991). The pathogen has also been recorded in coastal heath at Anglesea 
within the ALCOA coal lease, near Anglesea, Victoria, which is now recorded 
on the National Estate Register (Wilson et al. 1990). The disease is also spread 
through other National Parks including Wilson's Promontory (Weste 1975a; 
Weste and Law 1973; Weste and Marks 1974) and the Brisbane Ranges (Dawson 
and Weste 1985; Weste and Taylor 1971; Weste 1974). Consequently, the use of 
P. cinnamomi infected gravel has been listed as a threatening process in Victoria, 
under the Flora and Fauna Guarantee Act (Scientific Advisory Committee, 
Flora and Fauna Guarantee Act, Victoria 1991).  
 
2.3.3 General biology of P. cinnamomi  
 
Phytophthora cinnamomi is a pernicious and rapid invader of the fine roots of all 
native plant species examined to date. As with many fungi and oomycetes, P. 
cinnamomi is entirely microscopic throughout its life cycle, and includes 
structures such as hyphae, chlamydospores, oospores and zoospores. Sporangia 
can be readily inactivated to form zoospores and chlamydospores, the latter 
being a structure most resistant to desiccation (Zentmyer and Erwin 1970). 
Motile zoospores are attracted to the fine roots from a distance of 3-4 mm and 
attach to the outer surface of the root tips (Hinch and Clarke 1981). The outer 
most barriers of the host remain intact during the infection process except at the 
point of entry of the germ tube, where a small lesion becomes apparent (Tippett 
et al. 1976).  
 
Marks and Smith (1983) demonstrated two types of damage to the Eucalyptus  
host; chronic root damage and collar rot, although complete root rot only 
occurs in shrubs. Chronic root damage can slow the rate of growth of the host, 
while collar rot manifests itself as dark coloured lesions in the base of the trunk 
which hinders transpiration and translocation (Marks and Smith 1980). The 
infection process may be hindered by normal soil microflora at an early stage, 
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however once the fungus had penetrated from the fine unsuberized root tips to 
the coarser suberized roots, then root rot was almost inevitable, and the 
external microflora played no role in disease expression (Marks and Smith 
1980).  
 
2.3.4 Tolerance and susceptibility of host plant species 
 
While many fungal and other pathogens are generally selective towards their 
hosts, P. cinnamomi is known to infect a wide variety of plants not only in 
Australia, but also in other countries (Brasier 1992; Zentmyer 1980). The 
pathogen is known to infect all Australian native species in 48 families 
examined so far (Marks and Smith 1983; Phillips and Weste 1984; Tippett et al. 
1985, 1989; Weste 1975b). In Jarrah (E. marginata) forests in W.A., 59 species in 
34 genera contained in 13 families were identified as susceptible to the disease 
(Podger 1972), while at Le Grand National Park (W.A.) approximately 200 
endemic species were considered at risk (Weste and Marks 1987). Tests on 
resistance to the disease have failed to find a single species in Australia which is 
totally resistant to the fungus (B. Howlett - pers. comm.), with in excess of 1000 
Australian native plant species identified as being susceptible to P. cinnamomi 
(Weste and Marks 1987).  
 
Differences between susceptible and resistant species are thought to be related 
primarily to the genetic composition of the host. Variation of disease expression 
of species within the genera Eucalyptus and Banksia appear not to be related to 
attraction of spores to the fine roots (Halsall 1978; Malajczuk et al. 1977; 
McCredie et al. 1985), but due to reactions with the periderm (Tippett et al. 
1989), and the rate of hyphal extension along root tips (Byrt and Holland 1978). 
This is exemplified by E marginata being susceptible to more extensive damage 
from the pathogen than any of another 20 species investigated (Tippett et al. 
1989). Differences in the genetic resistance to P. cinnamomi within the genus 
Eucalyptus is evident at the subgenus level, with the subgenus Monocalytpus 
being much more prone to the disease than Symphomyrtus species (Podger 1972; 
Weste and Taylor 1971). More recent investigations suggests that there may be 
variation within these groupings (Tippett et al. 1985). Expression of the disease 
may be related to more than one factor. The relationship between these forces 
and P. cinnamomi may complicate disease expression and identification, and 
enhance the deleterious response to P. cinnamomi (Landsberg 1985, 1988; Marks 
and Idczak 1973; Podger et al. 1980). 
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2.3.5 Environmental factors controlling distribution of P. cinnamomi  
 
As with any other organism, the distribution of P. cinnamomi  is dependent 
upon environmental constraints. A range of factors have been implicated in 
influencing the growth and distribution of P. cinnamomi, including temperature, 
soil type, water and nutrient status. Of these, soil water potential and 
temperature represent the primary factors, while other factors such as soil pH, 
soil type or percentage of organic matter play a lesser role (Reeves 1975). 
 
 Temperature  
 
Optimal mycelial growth and sporangial production in P. cinnamomi occurs 
between 210 C and 310 C (Byrt and Grant 1979; Chee and Newhook 1965b; 
Zentmyer 1980). Thermal inactivation of P. cinnamomi in vitro  occurs at 00 C 
(Benson 1982), however the rate of inactivation due to low temperatures under 
natural conditions appears related to the soil type bearing the fungus (Benson 
1982). Phytophthora cinnamomi displays limited infective ability below 150 C 
(Kuhlman 1964b; Shea et al. 1978). In Tasmania, expression of disease 
symptoms were not manifested at sites with an annual mean temperature 
below 7.50 C (Podger et al. 1990), and below 100C at other sites (Weste and 
Ruppin 1977). Therefore temperature limits the growth and dispersion season 
of the pathogen to the warmer and wetter months in spring and autumn 
(Christensen 1975). This was confirmed by Weste and Vithanage’s (1978a, 
1979a) observations that there was a rapid decline in the number of 
chlamydospores during winter at three Victorian sites (Brisbane Ranges, 
Wilson's Promontory and Narbethong), which may also be related to factors 
other than temperature. 
 
 Water 
 
Lowered water availability combined with high temperatures also restricts the 
growth of P. cinnamomi (Shearer et al. 1987), and probably limits the distribution 
of the fungus to the moist temperate regions of Australia. Under moist soil 
conditions zoospores were freely produced and spread through running water, 
however the production of sporangia decreases rapidly with a decline in soil 
water potential (Weste and Vithanage 1979b). In this way the soil type plays a 
important role in the expression of the disease. 
 
Seasonal and aseasonal rainfall, especially 3 or 4 month periods of high rainfall 
in the warmer months, were highly correlated with outbreaks or epidemics of 
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‘dieback’ (Fagg et al. 1986; Tregonning and Fagg 1984). Outbreaks of the disease 
were considered likely to occur in East Gippsland every 15±4 years, and every 
46±18 years in South Gippsland. Despite the dry summers of southeastern and 
southwestern Australia, chlamydospores can survive between several months 
and up to 6 years in soil with suboptimal water conditions (Kuhlman 1964a, 
1964b; Weste and Vithanage 1979a).  
 
A consequence of infection of the dominant vegetation components in forests 
(Eucalyptus spp.) by P. cinnamomi is root rot and collar rot and may lead to 
stomatal closure of the plant, causing a decrease in transpiration and 
subsequent waterlogging of soils under normal rainfall conditions (Dawson 
and Weste 1982). This places further moisture stress upon seedlings and other 
plants on site and exacerbates the effects of the disease, particularly on clay 
soils (Shea 1975; Smith and Marks 1986; Weste et al. 1976). 
 
 Soil type and nutrients 
 
Clay soils by their nature can alternate between being sodden and extremely 
dry with only small fluctuations in water content. Consequently large 
variations in the population levels of P. cinnamomi can be found in these soils 
with only slight alterations in the amount of water present. The clay soils and 
poor soil structure at the study sites in the Brisbane Ranges mean that the site is 
prone to large fluctuations in P. cinnamomi and other microbial populations 
following only a 2.5% change in available water (Weste and Ruppin 1977), with 
the largest inoculum of P. cinnamomi occurring in the soil immediately above a 
permanent water table (Marks and Tippett 1978).  
 
It seems paradoxical that the disease proliferates in areas with poor soils based 
on clays, with substantial variations in water potentials leading to large 
fluctuations in the population levels of the pathogen (Weste and Vithanage 
1979a, 1979b). At these sites resistant plants can harbour the causal agent 
during dry periods, enabling re-infection of the area during the next wet period 
(Broadbent and Baker 1975).  
 
In forest soils hidden by a canopy, P. cinnamomi survives poorly since soil 
temperatures are retarded from diurnal fluctuations and may be kept below 
critical temperatures for growth (Kassaby et al. 1977). In this way both canopy 
cover and litter levels can play a role in disease expression by keeping soil 
temperatures low, especially under moist conditions in autumn, winter and 
spring (Postle et al. 1986; Postle 1989). 
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An early observation of the association between severe expression of P. 
cinnamomi and soils of low fertility led to the suggestion that high soil fertility 
may have suppressive properties against the pathogen (Broadbent and Baker 
1975b). However the relationships between fertility, pH, exchangeable ions and 
expression of the disease have never been well established. In general results 
relating soil fertility and its effects on P. cinnamomi are scarce, contentious and 
inconclusive (Boughton et al. 1978; Halsall 1980; Halsall et al. 1983) with minor 
suppressive effects demonstrated by calcium carbonate (Broadbent and Baker 
1974a; Halsall 1980), copper salts (Keast et al. 1985) and fertilizer treatments 
(Marks et al. 1973).   
 
 Microbial interactions 
 
Perhaps the greatest role that soils play in the expression of the disease is 
through supporting antagonistic soil microorganisms and fungi, particularly 
actinomycetes and Bacillus spp. (Broadbent and Baker 1974a, 1975). 
Actinomycetes in particular, cause hyphal lysis, aborted sporangia, and reduce 
spore survival of P. cinnamomi (Keast and Tonkin 1983; Malajczuk and 
Theodorou 1979; Nesbitt et al. 1981). Soil amoebae may also play a role in the 
control of P. cinnamomi in field conditions, since these organisms have been 
recorded engulfing the pathogen (Old and Oros 1980).  
 
The effectiveness of these microorganisms, however, was dependent on the 
stage of the life-cycle of P. cinnamomi, was strongly seasonal (Marks and Smith 
1991; Marks et al. 1975; Weste and Ruppin 1975), and related to soil structure 
and water potential (Malajczuk and Theodorou 1979). Weste and Vithanage 
(1977) demonstrated that high population levels of zoospores of the pathogen 
coincide with low levels of protective bacteria and actinomycetes. At the 
Brisbane Ranges a positive feedback cycle exists where P. cinnamomi reduces 
the number of soil actinomycetes and bacteria, resulting in a further lowering of 
the suppressive nature of the soil, and enhancing the proliferation of the 
pathogen (Weste and Vithanage 1977). This is enhanced further by the loss of 
ground cover and root mass due to the pathogen, with a subsequent decline in 
antagonistic bacteria and actinomycetes (Weste and Vithanage 1977, 1978a, 
1978b). Soils which were originally suppressive such as rainforest soils (red 
basalts and kraznosem) can be transformed into susceptible soils by cultivation, 
possibly by a reduction in nutrient cycling and altered soil microflora 
(Broadbent and Baker 1975), or by altered moisture regimes (Malajczuk and 
Theodorou 1979).  
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Another aspect of microbial interactions are the effects the pathogen may have 
upon the mycorrhizal associations of susceptible plant species. Malajczuk 
(1979) demonstrated that Jarrah (E. marginata) has significantly less mycorrhizal 
associations in infected soil at two depths (1-10 cm, 10-20 cm) compared to 
uninfected vegetation. In contrast, a less susceptible species such as E. calophylla 
did not demonstrate this reduction in mycorrhizal associations to the same 
degree when in the presence of P. cinnamomi (Malajczuk 1979). With 
mycorrhizal bacteria being highly species/host specific, Malajczuk (1979) 
postulated that perhaps different mycorrhizal bacteria are a major factor in the 
different expression of the disease between two species within the one genus.  
 
2.3.6  Detection and control techniques for P. cinnamomi  
 
The first records of P. cinnamomi were related to the symptoms that they 
produce in susceptible plant species. Visual recognition of disease symptoms in 
highly susceptible species can be a rapid process, and highly correlated with 
the presence of the disease. Dawson and Weste (1985) and Dawson et al. (1985) 
have previously used X. australis (Austral Grass Tree) as an indicator species 
due to its high susceptibility, thereby providing a mechanism with which to 
map the distribution of the pathogen, when supplemented by ‘bait tests’. For 
accurate, positive identification, however, cotyledon baiting techniques were 
used (Chee and Newhook 1965a; Marks and Kassaby 1972) in conjunction with 
antibiotic media (Eckert and Tsao 1962; Tsao and Ocano 1969) and 
immunofluoresence techniques (Malajczuk et al. 1975). 
 
The idea of being able to remotely sense the presence of P. cinnamomi using 
satellites and aircraft has interested researchers and land managers alike 
(Bradshaw 1974; Hogg and Weste 1975). However, the ability to detect 
understorey species which are more responsive to the pathogen and act as a 
rapid indicator species was possible, but often less than satisfactory due to 
canopy cover. Consequently the efficacy of remote sensing in the detection and 
mapping of P. cinnamomi is useful but requires further investigation. 
 
Various mechanisms have been trialed in the control of P. cinnamomi; however 
their efficacy is highly dependent on the site of use. Within nurseries and other 
controlled situations, chemical (Marks and Smith 1988; Pegg et al. 1987) and 
steam sterilization (Broadbent and Baker 1975) techniques may be applicable, 
however neither of these are useful under field conditions on either economic, 
logistic or environmental grounds, and rarely enforced. In general for natural 
  21 
 
areas the only ‘control’ mechanism available is restricted admission and 
quarantine of areas to minimize the risk of spreading the disease (Weste and 
Marks 1987). Washing of all vehicles moving between areas is another measure 
which has been enforced in Western Australia and in some regions Victoria to 
minimize the spread of the pathogen (Department of Conservation and Land 
Management (W.A.) 1990; Disken 1991; Disken et al. 1993). 
 
The use of fire as a mechanism to kill propagules of fungus beneath the soil 
surface, and to stimulate germination of stored seed within the soil to enhance 
recovery from the disease has also been suggested. This follows the observation 
of the post-fire germination of X. australis seedlings in the Brisbane Ranges at 
long-term infected sites (Dawson et al. 1985; Weste 1974). However, the low 
number of germinated seedlings (n=8) and their slow rate of development (Gill 
and Ingwersen 1976) places in doubt the use of fire to enhance germination of 
stored soil seed of X. australis, or to inactivate/destroy the pathogen (Weste and 
Law 1973). It is also likely that germinated seedlings will still be susceptible to 
the pathogen. However, more recent work suggests that the use of fire shows 
promise in promoting regeneration on previously infected logging sites (I.W. 
Smith, pers. comm.). 
 
Legumes such as Acacia spp. may suppress sporulation of P. cinnamomi by 
increasing the numbers of antagonistic soil bacteria and actinomycetes (Shea 
1978; Smith et al. 1989), or by decreasing zoosporangial production in the 
pathogen (Murray et al. 1985). Control of the fungus using antagonistic soil 
microorganisms and plants may be applicable in certain environments, but was 
unlikely to assist at heavily infected sites where soil structure and fertility were 
poor, along with low actinomycete and soil bacteria populations.  
 
Long term control of the disease and eventual rehabilitation of areas may only 
be achieved through replanting of severely diseased sites with a mixture 
resistant Eucalyptus species (Weste and Marks 1987), however this is likely to 
drastically alter the ecology of the site, if not already altered by fire. Therefore 
any decision to proceed with such measures should be based on the land use of 
the area, ie. whether it is reserved for timber production, recreation and/or 
natural values. 
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2.3.7 Patterns of disease extension, and effects of P. cinnamomi on 
 vegetation structure and plant communities  
  
The destruction of forest understorey, and less economically productive areas 
has been a significant and understated problem at heathland, woodland and 
forest sites in Victoria and Western Australia (Podger and Brown 1989). Similar 
patterns of disease extension and alterations to the vegetation communities 
have been evident at sites of infection such as Wilson's Promontory (Weste 
1981), Brisbane Ranges (Podger and Ashton 1970; Weste and Taylor 1971), 
Grampians (Kennedy and Weste 1986) and other sites (Weste 1980). A common 
occurrence is the death of grass trees (X. australis) and many heath species, 
combined with an increase in percentage cover of graminoids (Dawson 1982; 
Dawson et al. 1985; Weste and Taylor 1971). This confirms that at highly 
susceptible sites, P. cinnamomi has the potential to not only remove the 
dominant and most visible components of the vegetation communities, but also 
many of the smaller and rarer species. 
 
These alterations to the community species composition and diversity due to P. 
cinnamomi are perhaps the most immediately demonstrable effect of the disease. 
The effect of the pathogen at a particular site will, however, be determined by 
the plant species present, and other environmental factors, eg. soil depth, 
drainage. The effect may be very dramatic at sites such as the Brisbane Ranges, 
with a high degree of susceptibility in the plant community, along with poor 
drainage, shallow soils and few soil microbes. In comparison, sites such as the 
ALCOA Coal Lease (Anglesea, Victoria) have widespread distribution of the 
pathogen with a different response in the alteration to the structure of the 
vegetation than that at the Brisbane Ranges (W. S. Laidlaw, pers. comm.). 
Hence, the symptomatic expression of the disease can be a very site-specific 
event, related to geology, hydrology, soil structure, and microbial populations. 
For this reason, perhaps the strongest requirement for research into 
Phytophthora in natural areas, is the identification of sites of high floristic and 
faunal values which may be prone to severe infection by P. cinnamomi.  
 
In a study of the pathogen on rare and vulnerable plants at Steiglitz in the 
Brisbane Ranges, Peters (1991) found significant differences in the populations 
of Grevillea chrysophaea, Olearia pannosa, Prostanthera decussata and Pultenea 
graveolens at sites infected with the pathogen over the range of these plant 
species. Some seedling regeneration of these species was found on long term 
infected sites with minimal regeneration on newly infected sites. In pot 
experiments Eucalyptus yarraensis, G. chrysophaea, O. pannosa, and P. graveolens 
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were all found to be highly susceptible to the disease, while P. decussata was 
found to be moderately susceptible (Peters 1991). This work demonstrated the 
importance of this disease in the conservation of smaller and rarer plant 
species. 
 
2.3.8 Recovery and successional changes following P. cinnamomi infection  
 
Regeneration of susceptible plants on infected sites may or may not be 
hindered by the pathogen. While P. cinnamomi infected mature specimens of 
Eucalyptus obliqua and E. radiata on fertile soils near Narbethong, Victoria, and 
inevitably caused their death, it did not stop the germination of seedlings of 
either species (Weste 1980). There are some tentative reports concerning return 
of susceptible species following infection (Dawson et al. 1985; Weste 1993; I.W. 
Smith, pers. comm.). Recovery of a small number of X. australis plants at sites 
30 years post-infection has been recorded, while Leucopogon virgatus began 
reappearing on sites 23 years post-infection (Weste 1993). Considering the slow 
growth rate of X. australis of approximately 0.9 cm per annum (Phillips and 
Watson 1991), it is likely that even without re-infection, it may take another 60-
70 years to regain sufficient structure of X. australis. Hence the long term 
prognosis for natural recovery may be poor, and likely management options of 
diseased sites would include seeding or planting with species less susceptible 
to P. cinnamomi.  
 
Pratt and Heather (1973a) first expressed the idea that P. cinnamomi may have 
worked as a selective force in Australia in the evolution of various plant 
communities over time by removing susceptible species and promoting 
successional development of other more resistant plant species. The logic 
behind this argument is that the pathogen has been present in the soil for a long 
time, however P. cinnamomi  is generally regarded as a recent immigrant.  
 
While the Australian biota is undoubtedly adapted to fire (Gill et al. 1981), it is 
most plausible that vegetation (and fauna) throughout Australia is/are not 
adapted to the pressure exerted by P. cinnamomi since the pathogen has 
probably only been present for around 40 years (Newsome et al. 1975). 
Therefore co-evolution is unlikely to have occurred between the pathogen and 
native vegetation (Weste and Marks 1987). In these conditions it is difficult to 
predict what the long term consequences of the pathogen are likely to be. With 
the pessimistic prognosis of recovery from P. cinnamomi, it is wise to view the 
ecological changes from infestation as long term and essentially permanent in 
most vegetation communities. 
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Consequently, while P. cinnamomi may not have directed the evolution of the 
vegetative communities in the past, it certainly has the potential to do so in the 
future at susceptible sites in Australia (Burdon 1991). To resolve the question 
properly, studies are needed to determine the changes that have occurred in the 
gene pools of tolerant and resistant plant species in susceptible plant 
communities. 
 
2.3.9 Interrelationships between fauna and P. cinnamomi  
 
Reports of the inter-relationships between P. cinnamomi and animals have to 
date been scarce. Some authors (Anon 1978, 1979; Kennedy and Weste 1986) 
have postulated on the consequential effects of P. cinnamomi on fauna, however 
few have established direct links between the pathogen and animals. 
Relationships between the pathogen and fauna may be of two types; either with 
animals acting as vectors for the spread of the pathogen, or a consequential 
effect on faunal population or community ecology due to habitat changes 
caused by the disease. 
 
The evidence for faunal vectors in the transmission of the pathogen was based 
essentially on indirect and circumstantial evidence.  Informal discussion has 
questioned whether small or large animals may spread the pathogen via mud 
on their feet or other parts of their anatomy, however no conclusive evidence is 
available on this transmission mode. Turner (1967) reported the presence of 
viable spores of Phytophthora species in the gut of snails, and that these spores 
may be deposited aerially on plants. Similar results have been found for 
chlamydospores of P. cinnamomi in the gut of birds and termites (Keast and 
Walsh 1979), and wild pigs have been implicated in the spread of the pathogen 
in Hawaii (Kliejunas and Ko 1976). Mycophagus small mammals such as 
potoroos and bettongs have been shown to be important vectors in the spread 
of fungal spores involved in Eucalyptus-mycorrhizal associations (Claridge et al. 
1992; Taylor 1992). The observation of P. cinnamomi outbreaks coinciding with 
the diggings of wombats suggests it is likely that small and medium sized 
mammals may act as vectors for P. cinnamomi (Podger and Brown 1989) as well 
as for other fungal species. 
 
There is a paucity of published data on the indirect effects of P. cinnamomi on 
fauna. Nichols and Burrows (1985) and Postle et al. (1986) demonstrated 
alterations to the composition and number of soil invertebrates in most taxa at 
forest sites infected with P. cinnamomi, concomitant with a reduction in leaf 
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litter volume. Areas of jarrah dieback in W.A. have been found to support 
fewer bird species at lower densities and diversities when compared to 
uninfected control areas, or areas rehabilitated following bauxite mining 
(Nichols and Watkins 1984, Nichols et al. 1989). Similar results have been 
recorded from non-P. cinnamomi ‘dieback’ sites in the New England Tablelands, 
N.S.W (Ford and Bell 1981). In both instances the effects were similar with 
lowered species diversity and densities of bird species. In the case of jarrah 
‘dieback’ areas in W.A., it was also considered likely that infested areas 
supported a different complement of bird species than uninfested areas 
(Nichols and Watkins 1984). Some evidence is also presented for decreased 
numbers and species diversity of reptilian (Scincidae) and amphibian species in 
‘dieback’ affected areas (Nichols and Bamford 1985). These effects were most 
probably due to the changes in the density of the vegetation at each strata 
which provided shelter and nesting sites.  
 
The role that P. cinnamomi plays in habitat disturbance within a community and 
the subsequent effect on fauna will be dependent on several factors. The 
susceptibility of the plants within the vegetation community will ultimately 
determine the degree of infection and the disturbance effected. Secondly, the 
niche that these susceptible plant species fill in the community (ie. whether they 
are canopy species, under or mid-storey species) will determine the ultimate 
effect of their loss upon fauna. Thirdly, the dependence of fauna on different 
structural and floristic zones/heights of the vegetation, and which are lost due 
to infection. The relationships between these factors form the discussion in the 
next section of this literature review. 
 
2.4 Disturbance, resilience and fragmentation of habitats & communities 
 
2.4.1 Disturbance and heterogeneity  
 
Ecosystems and communities are dynamic entities which display constant 
fluctuation and change in their attributes, such as species diversity, richness, 
dominance and abundance, and growth form and structure (Krebs 1972; White 
1979; Williamson 1987). Communities are rarely homogeneous, and are often 
recognized for their heterogeneity (Cockburn 1992) or ‘patchiness’ (Pickett and 
White 1985). This heterogeneity within community composition is important in 
maintaining ‘biodiversity’, and in supporting a diverse array of vegetation and 
associated faunal communities at various seral or successional stages (Fox 
1982a).  
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One of the events that may lead to the formation of habitat heterogeneity is 
disturbance. Disturbance events are therefore an important part of the dynamic 
nature of communities, and may be of either natural or anthropogenic origin. 
Anthropogenic disturbance events include the effects of mining and altered fire 
regimes on natural areas (Fox and Fox 1986b). Other events include agricultural 
clearing and grazing of natural areas by domestic stock, and the effects of 
forestry activities. Natural disturbance events can include grazing, trampling, 
digging and burrowing by animals (Hobbs 1987), but also include larger scale 
disturbances such as storm damage, landslides, lava flows, natural fires or 
drought (Fox and Fox 1986b).  
 
The sum of all the disturbance events operating in a community or landscape, 
whether of anthropogenic or natural origins, can be defined as the disturbance 
regime. This can be characterized by area, magnitude, frequency, duration and 
predictability of the individual components (Pickett and White 1985). However, 
disturbance regimes may involve some nullifying effects between various 
disturbance components. For example, a localized fire might destroy the 
vegetation, but release nutrients which may promote plant growth. This 
cancelling-out introduces the problem of assessing disturbance intensity as it 
may be difficult to assess one disturbance factor in isolation from all others 
(White 1979). Similarly, disturbance events may also be viewed as being 
cumulative over time, such as in the effects of repeated fires (Adamson and Fox 
1981; Fox and Fox 1986b). The relationships between factors such as 
disturbance frequency, time and ‘community health’ as assessed by species 
diversity have been modelled for a ‘natural’ disturbances, as shown in Figure 
2.1 (after Denslow 1985). In this general model, diversity may increase with 
time alone, or with the frequency of disturbance. Time creates a ‘ridge-line’ 
effect in the model by leading to a decrease in diversity following disturbance.  
 
The effect of different disturbance events, or the same disturbance event 
applied at different times, both lead to mosaic pattern of habitat or landscape 
components (Pickett and White 1985). In other words, habitat disturbance can 
be a factor inducing habitat heterogeneity (Denslow 1985; Levin and Paine 
1974). This induction of heterogeneity of habitats and landscapes is considered 
to be vitally important in maintaining species richness, but also genetic 
diversity within a community (Mushinsky and Gibson 1991).  
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Fig. 2.1     Hypothetical relationships between diversity, time and frequency of  
                 generalized disturbance. (After Denslow 1985).  
 
Disturbance processes may be difficult to characterize by unifying mechanisms, 
and appropriate paradigms for observing or assessing disturbance effects are 
still not evident (Pickett and White 1985). Perhaps the only unifying features of 
all the disturbance processes are a disruption of the pattern of the ecosystem by 
external physical forces (Bormann and Likens 1979), and alterations to the 
availability of one or more resources utilized by the affected vegetation or 
faunal communities (Pickett and White 1985). Fire, mining and forestry have all 
been shown to cause alterations to the resource availability of the communities 
with which they are associated (fire: Catling 1991; Fox 1982a; Wilson and 
Moloney 1985; Wilson et al. 1990; mining: Fox and Fox 1978, 1984; logging: 
Braithwaite et al. 1983b).   
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2.4.2 Major habitat disturbance events in Australia 
 
Communities within Australia are prone to the same types of disturbance 
events as in other Mediterranean-type ecosystems, including fire (Fox and Fox 
1986b), mining and forestry activities (Norton et al. 1990). However, the event 
which perhaps occurs with higher frequency in Australia than in other regions 
is fire (Gill et al. 1981).   
 
Fire leads to immediate and obvious effects upon both plant and animal 
communities by causing mortality and destroying habitat. Long-term survival 
of animals in postfire conditions will ultimately depend upon diet (Cheal 1983). 
Fires in the Australian environment can range from large-scale uncontrolled 
wildfires, to localised controlled burning programs. Hence the effect of fire on 
communities can vary greatly with differing intensity, or the season to which 
the community is exposed to fire (Fox and Fox 1986a; Gill et al. 1981). The 
frequency and intensity of fire (ie. fire regime) can have long term and 
profound effects upon the vertebrate communities by altering the structure and 
floristics of communities over time (Catling 1991), leading to direct mortality, 
lack of food resources, foraging and nesting sites in the short to medium term 
(Cheal 1983). 
 
2.4.3 Resilience  
 
Opposing the effect of disturbances upon a community is its resistance to 
change, which can be described in terms of both resilience and inertia 
(Westman 1986). Resilience of a community or ecosystem may be defined either 
as the ability of the system to return to its original state following disturbance 
(Fox and Fox 1986b), or the ‘degree, manner and pace of change or recovery in 
ecosystem properties following disturbance’ (Westman 1986). The term 
resilience is also often confused, and used synonymously with the term stability 
(Westman 1986). Inertia of an ecosystem on the other hand can be regarded as 
the resistance afforded by the system to these changes (Westman 1986). 
 
The resilience of a system can be defined using many parameters, but perhaps 
the most obvious one is the response time taken for the system to react to a 
disturbance (Westman 1986). Temporal elements of resilience may include time 
taken for onset of recovery, but also for the duration of recovery. Resilience can 
also be described in terms of in situ or ex situ mechanisms (Grubb and Hopkins 
1986). An example of an in situ mechanism may be the replacement of plants 
within small gaps in a forest by localised secondary succession, while the 
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primary succession of a community occurring by migration may be an example 
of an ex situ mechanism (Grubb and Hopkins 1986). There are many possible 
combinations of resilience and inertial responses of community to a particular 
disturbance. This makes it difficult to generalize about the overall resilience of 
the community as a whole, or any single factor (eg. species richness) of that 
community (Grubb and Hopkins 1986).  
 
These definable properties of resilience and inertia of communities lead us to 
question the nature of disturbance, and whether anthropogenic disturbances 
are inherently similar or different to, natural disturbance events (Fox and Fox 
1986b). Another question arises as to whether disturbances initiated by 
infection with P. cinnamomi are similar to other forms of disturbance. This 
question is raised again later in this review. 
 
2.4.4 Fragmentation 
 
Disturbances are often seen as having a negative effect upon the environment. 
Perhaps the major negative effects considered are the destruction of the biotic 
and sometimes the abiotic components of the environment, which may be 
essential for the support of resident vegetation and faunal communities. The 
other effect resulting from disturbance may be fragmentation of the habitat 
(Haila et al. 1993; Hobbs 1987; White 1979). Fragmentation can reduce genetic 
interactions (Vrijenhoek 1985), cause physical and reproductive isolation 
(Boecklen and Bell 1987), limit evolutionary processes (Travis 1990), and 
eventually lead to extinctions (Ballou and Ralls 1982; Bennett 1990a; Burbidge 
and McKenzie 1989; Laurance 1990; Wiens 1985). Fragmentation also leads to 
increases in edge to volume/area ratios, and subsequent greater levels of 
disturbance to the remnant fragments (Haila et al. 1993; Simberloff 1976; 
Simberloff and Abele 1982). Hence, fragmentation leads to further 
fragmentation in a positive cycle (Hart and Horwitz 1991; Sousa 1984). The 
level of fragmentation detected will depend upon the scale and resolution of 
the ‘view’, as all natural systems to a larger or lesser degree are heterogeneous 
at some level of observation (Haila et al. 1993). 
 
2.4.5 Disturbance  and succession 
 
The combination of disturbance, resilience and inertial forces within a 
community will lead to alterations in the community’s characteristics and 
composition over time, generally described as successional changes (Krebs 
1972). Successional changes were initially described in vegetation communities 
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as a directional change towards an end-point, termed a ‘climax’ stage (Cowles 
1899; Miles 1987). Animal communities are however, also considered to 
undergo successional changes in response to disturbance events (Fox 1982a; 
Fox and McKay 1981; Posamentier et al. 1981). 
 
In general, disturbances have been considered as a resetting of successional 
pathways to earlier stages, resulting in the creation of a mosaic of habitats 
(White 1979). Succession in its primary form includes the colonization of 
substrates previously devoid of biotic material (Vitousek and Walker 1987), 
hence this is termed ‘primary succession’. The other form of succession has 
been termed secondary succession, and deals with the process of recolonization 
of fauna and flora following disturbance events, on soil fully formed.  
 
The process of regeneration following disturbance (ie secondary succession) 
will be influenced greatly by many factors such as species composition at the 
time of disturbance, soil-stored seed, and the type of disturbance agent (Majer 
1990; Purdie and Slatyer 1976). Fox (1990) suggested that the sequence of small 
mammal succession is likely to be dependent on time and the vegetation 
present, rather than due to competition with other species (‘habitat 
accommodation model’). Whether this model applies to succession following 
disturbance events such as fire and mining are currently being investigated. 
The application of this model to unstudied events such as P. cinnamomi 
infestation may be premature. 
 
Anthropogenic disturbance events such as fire and forestry can be seen as 
utilizing secondary succession mechanisms since the topsoil and other features 
may still be present, however, events such as post-mining rehabilitation may be 
more correctly characterized as a primary successional processes. Individual 
habitats may respond distinctly to different disturbance events. The resilience 
and subsequent succession of heathland following fire, clearing and mining 
demonstrate that the habitat is more resilient to fire than to clearing, and the 
successional events following from both of these disturbances are much more 
rapid than from mining (Fox and Fox 1986b). However, the underlying 
mechanisms of these differences are poorly understood (Fox and Fox 1986b). 
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2.4.6 Phytophthora cinnamomi as a disturbance and fragmentation agent 
 
The discussion of resilience and succession raises the question of the effects of 
P. cinnamomi on communities. Phytophthora cinnamomi leaves the topsoil 
physically intact (depending on slope), and apart from the loss of plant 
species/vegetative cover and introduction of few weeds, no other obvious 
alteration may be evident. With severe loss of vegetative cover on steep slopes, 
however, erosion may then become a problem. As discussed earlier, the 
retention of the pathogen within the soil for extended periods may retard 
successional recovery towards the original flora. Hence the total disturbance 
event inflicted by P. cinnamomi  may be more prolonged than the initial 
infestation event, and may include a very slow recovery. This recovery may 
lead to the development of a totally different vegetation complement and 
structure to the one originally present at the site. However, as discussed 
previously, the response at any location is likely to be site-specific. Just as fires 
vary in intensity, ranging from total devastation to mild singeing of the plant 
material, the effect of P. cinnamomi on vegetation can vary depending on local 
environmental factors.  
 
The habitat resilience and successional mechanisms involved in post-P. 
cinnamomi infection recovery are much more poorly understood than any other 
disturbance event in Australia. Despite the presence of P. cinnamomi in 
Australia for 30-40 years, very little regeneration has been recorded thus far 
(Weste 1993). Therefore the recovery from P. cinnamomi infection is difficult to 
ascertain or project, with this poor understanding of subsequent successional 
changes following infection.  
 
Ironically, P. cinnamomi may elicit wider disturbance effects through local 
successional processes. Phytophthora cinnamomi has been identified as hindering 
rehabilitation following bauxite mining in Western Australia, and has spread 
from these rehabilitation areas to adjacent forest. This has led to irreversible 
damage to vegetation by altering the hydrology of sites, the creation of ‘mud 
volcanoes’ from increased sub-surface water, and has lead to further spread of 
the pathogen (Shea et al. 1975).  
 
As well as acting as a disturbance event, P. cinnamomi may also be viewed as a 
fragmentation agent. The water-borne nature of the pathogen and its gravity 
driven spread creates ‘islands’ of uninfected habitat that are usually found 
situated at a slightly higher altitude than infected areas. The size and nature of 
these islands will be highly dependent upon the susceptibility of vegetation of 
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the community and the local geographic and environmental factors. Island 
biogeographic theory suggests that larger areas of undisturbed habitat will 
contain and support more species than smaller areas (MacArthur and Wilson 
1967; Simberloff 1976). These smaller fragments may then be more prone to the 
same or other disturbance events (Simberloff and Abele 1982).  
 
While the general concept of disturbance and resulting fragmentation are often 
perceived as negative ones, the process may not always be considered 
detrimental to a community (Rykiel 1985). For example, fires in forests in south-
east Australia may be a natural part of succession (Rykiel 1985), and be an 
agent for heterogeneity (Fox 1982a). Whether or not P. cinnamomi-induced 
heterogeneity is a positive or negative element for community composition 
may still be a matter for debate. However, with the evidence documented so far 
on alterations to plant communities, low genetic tolerance of plant species, and 
slow regeneration, it is unlikely that P. cinnamomi  could be viewed as having a 
productive effect on plant communities. 
 
2.4.7 Disturbance effects on vertebrate fauna 
 
The recovery of vertebrate populations from disturbance events may vary 
depending the type of event, community composition and history of 
disturbance. Post-fire recovery of vertebrates can be slow, especially following 
wildfires of high intensities (Fox and McKay 1981; Newsome et al. 1975; 
Posamentier et al. 1981). Repeated burning of areas is likely to change the under 
or overstorey of the habitat from being shrub dominated, towards being grass 
dominated (Catling et al. 1981). This will also lead to the loss of seed 
regenerating plants and tend to favour vegetative regenerators (Fox and Fox 
1986b). Consequently, a fire frequency of between 6-12 years in woodland has 
been suggested to minimize the impact of repeated burning (Fox and Fox 
1986a). The change towards grass dominated (vegetative regenerating) 
communities is likely to have a detrimental effect upon up to 25 small to 
medium-sized mammal species throughout Australia (Catling 1991). While 
current prescribed fire regimes are seen as detrimental to wildlife, some 
species, such as Sminthopsis crassicaudata which inhabit grasslands, may actually 
benefit from a short rotation of burns (Catling 1991). Fire may also produce 
other profound influences upon small mammals, such as regulating the 
breeding success and strategies of some small mammal species (eg. Pseudomys 
shortridgei: Cockburn et al. 1981).  
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The pattern of fire spread across an area is also important in the response of 
small mammal communities. Mosaic or patchy burns are important in 
maintaining diversity within a community (Mushinsky and Gibson 1991), since 
they tend to miss gullies and wetter patches which often harbour animals and 
allow rapid recolonization (Catling et al. 1981). Severe fires tend to result in 
high mortalities and possibly a slower rate of small mammal repopulation 
(Newsome et al. 1975; Posamentier et al. 1981). The effect of low intensity fires 
on the mortality of small mammals may be minor (Leonard 1972) since some 
may escape by burrowing or other avoidance mechanisms (Main 1981). Overall 
the relationship between fire and vertebrates including birds and mammals is 
poorly understood, as it is for reptiles and amphibians (Cheal 1983; Brooker 
and Rowley 1991).  
 
Other disturbance events of natural areas which are prevalent include forestry 
and mining activities. The detrimental effect of forestry practices on wildlife has 
been documented (eg. Norton et al. 1990), though its effects upon flora have 
been more precisely documented. Some species are highly dependent on 
undisturbed forest habitat and are therefore very vulnerable to forestry 
practices (eg. Leadbeater’s Possum: Lindenmayer et al. 1990b). The survival of 
other species may be marginally enhanced by clearing, such as wombats and 
kangaroos, or killed outright during felling operations (McIlroy 1978).  
 
The effects of P. cinnamomi as a disturbance factor upon vertebrate populations 
and communities are essentially unknown, and creates the impetus for this 
study and resulting thesis.  
 
2.4.8 Effects of disturbance factors on A. stuartii  
 
The relationship between capture rates of A. stuartii and the level of disturbance 
of various types has been demonstrated, with an almost linear negative 
relationship existing between the number of A. stuartii in mature Eucalyptus 
forest in north-east Victoria, and adjacent 8 and 40 year old pine plantations 
(Suckling and Heislers 1978). Antechinus stuartii only established permanent 
populations in pine plantations in low numbers compared to undisturbed 
native forests, while introduced species studied, such as Mus musculus , were 
more frequently captured in pine plantations of increasing age class (Suckling 
and Heislers 1978). 
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The effect of fire upon A. stuartii appears dependent on the intensity of the fire, 
the season and habitat. Low intensity fires also allow for greater survival of 
species such as A stuartii, though the reasons for this are not fully understood 
(Catling et al. 1981). Following controlled burns A. stuartii began returning after 
one to two months in forest sites (Friend 1979; Kemper 1990), and reached 
population levels of 70% of normal within 6 months post-fire in heathland (Fox 
1982a). Other workers have concluded that A stuartii is vulnerable to fire and 
vegetation changes with a 90- 95% immediate fire-reduced population (Cowley 
et al. 1969; Heislers 1974; Newsome et al. 1975; Recher et al. 1978), and is 
dependent upon litter and branches which are removed by fire (Dickman 1991). 
For this reason Dickman (1991) suggested that control burns be minimized in 
maintaining habitat for A stuartii.  
 
Low intensity prescribed fires were found to have few effects on the population 
density of A. stuartii (Catling et al. 1989). Similarly no effects were noted on 
body water turnover, body weight, and body fat of A. stuartii, and the number 
of invertebrates remained sufficient as a food resource (Catling et al. 1989). 
Obviously this response would be related to both the intensity of the burn, and 
the habitat in which it took place.  
 
Higher intensity fires had a negative effect on A. flavipes with the species taking 
16 months to return to the site, and low numbers of 0.17/100 trap nights at 4.5 
years post-fire, compared to pre-fire values of 11.83/100 (Christensen and 
Kimber 1975). The effect of fire was noticeable on this species for approximately 
40 years (Christensen and Kimber 1975). Post-fire survival of A. stuartii is high 
in moist gullies, but the species takes longer to recover at treeless sites where 
the removal of vegetation has a more profound effect upon vegetation structure 
(Catling et al. 1981). Several studies have demonstrated that A. stuartii reaches a 
maximum abundance approximately five years after wildfire (Fox 1982a; Fox 
and McKay 1981; Newsome et al. 1975; Wilson et al. 1990). Hence A stuartii is 
considered to prefer mid-seral stages following disturbance by wildfire (Fox 
and McKay 1981).  
 
Although similarities were noted before regarding fire and P. cinnamomi as 
disturbance factors, it is however unlikely that A. stuartii will respond with the 
same successional patterns as those observed following fire. Hypotheses have 
been put forward that the habitat of some small mammals may be destroyed by 
P. cinnamomi, such as the restricted Pseudomys shortridgeii (Heath Mouse) in the 
Grampians, Victoria (Kennedy and Weste 1986). Indirect evidence is seen by an 
association between P. cinnamomi infection at sites and low species richness of 
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small mammal species, of which A. stuartii is one community member, across 
several different plant communities in the eastern Otway Ranges, Victoria 
(Wilson et al. 1990). A study of the direct effects of alteration of habitat due to P. 
cinnamomi upon the utilization of habitat by A. stuartii constitutes the primary 
aim of this thesis, and represents the first major study of the broader ecological 
effects of P. cinnamomi.  
 
2.5 Summary 
 
In conclusion, A. stuartii is a small dasyurid marsupial that is considered to be a 
habitat generalist, in that it can survive in a wide variety of habitats across a 
broad geographic range. Nonetheless, this species has specific habitat 
requirements for its survival, and disturbance of its habitat will generally lead 
to altered habitat utilization. While the effects of P. cinnamomi as a disturbance 
agent have not been widely investigated, P. cinnamomi is known to cause 
serious damage to native plant communities, many of which support 
populations of A. stuartii. This thesis investigates firstly the effects of P. 
cinnamomi upon a vegetation community in the Brisbane Ranges, Victoria, and 
then considers the effect of the altered vegetation community on the utilization 
of this habitat by A. stuartii. 
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Chapter 3 
 
Preliminary Survey 
 
 
 
 
 
 
_______________________________________________________________________ 
 
 
3.1 Introduction and aims 
 
Phytophthora cinnamomi is a pathogen that has been shown to cause significant 
alterations to both the floristic and structural components of the vegetation at 
many sites throughout Victoria (Kennedy and Weste 1986; Weste 1980, 1981) 
including the Brisbane Ranges (Weste 1986; Weste and Taylor 1971). These 
alterations to the vegetation have also been demonstrated to be rapid (Weste 
1986; Weste and Taylor 1971) and may possibly be very long term (Dawson et 
al. 1985).  
 
Terrestrial vertebrate communities are highly dependent upon their habitat for 
survival (MacArthur and MacArthur 1961 - birds; Rosenzweig and Winakur 
1966 - mammals; Mushinsky 1985 - reptiles), and alterations to that habitat 
from either natural and/or anthropogenic sources can lead to many changes in 
the way an organism interacts with its environment (Karr and Freemark 1985). 
A major aim of this thesis is to investigate the hypothesis that the alterations to 
the vegetation communities as a result of infestation with P. cinnamomi lead to 
concomitant changes in vertebrate populations.  
 
This chapter records a pilot study undertaken to determine whether the 
presence of P. cinnamomi affects the capture rate of small mammals present in 
the area. A survey of the small mammal fauna throughout the Brisbane Ranges 
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National Park and adjacent areas was undertaken, to compare the species 
diversity and numbers of animals in closely grouped or clustered sets of sites 
based on the presence or absence of P. cinnamomi.  
 
3.2 Methods 
 
 3.2.1  Site selection 
 
Surveys for small mammals were conducted in the Brisbane Ranges between 
April 1987 and July 1988. Trapping was not conducted in the spring and early 
summer months when dasyurid males would have been removed from the 
population by an annual mortality (Lee et al. 1977), and juvenile animals would 
be nest-bound or dispersing from parental nests. Trapping was carried out in 
both the Brisbane Ranges National Park (NP) and areas of the Geelong & District 
Water Board's (GDWB) catchment near Durdidwarrah (WB).  
 
The National Park has a recorded history of widespread infestation with P. 
cinnamomi since the late 1960’s/early 1970’s (Dawson and Weste 1985), while the 
GDWB’s catchment has been closed to public access for over 100 years, and was 
therefore possibly less infested with P. cinnamomi. Hence the GDWB area was 
considered likely to provide good ‘control’ sites, but also likely to have higher 
capture rates of small mammals due to the presence of permanent water and 
associated lush vegetation. 
 
At the time of this survey study, sites were selected together in groups of 
approximately four sites. These sites were classified as either ‘diseased’ or 
‘control’ within close proximity to one another, and within a particular land and 
vegetation form (Fig. 3.1). This close grouping was performed to minimize 
differences in environmental variables such as soil type and moisture levels, and 
floristic and structural composition of the vegetation. Sites were numbered 
sequentially and chronologically in the order of trapping, with the prefixes ‘NP’ 
and ‘WB’ to indicate ‘National Park’ and ‘Water Board’ respectively. 
 
As outlined in Chapter 1, the Brisbane Ranges National Park contains several 
major vegetation associations including heathy woodlands and forests 
dominated by stringybark eucalypts with understorey species such as 
Xanthorrhoea australis (Austral Grass-tree); Low Open Forests and moist gully 
communities along permanent water courses, as categorized by Specht (1970). 
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Locations for trapping were selected at a number of sites generally in the first 
two vegetation communities, with some sites (WB1, WB2) selected in moist 
gullies along creek lines. 
 
Infection status was determined by the health and distribution of the susceptible 
species, Xanthorrhoea australis, which was used as an indicator species (Weste 
and Taylor 1971; Dawson and Weste 1985). Classification of post-infection sites 
(ie. sites previously infected by P. cinnamomi) was based on the presence of dead 
X. australis plants, or on the presence of hollow rings left in the ground following 
the death of the plant. For some sites (eg. woodland with grassy understorey, 
and moist gullies), classification of infection by P. cinnamomi was not applicable 
due to the type of vegetation (eg. grasslands), which were not susceptible to the 
pathogen. Trapping and vegetation structure results from these sites were thus 
excluded from statistical analyses.  
 
 3.2.2 Trapping procedures 
 
Trapping was carried out using metal box traps (33 x 10 x 9 cm, Elliott Scientific 
Equipment, Upwey, Victoria) and a small number of wire cage traps (35 x 20 x 
17 cm). Traps were baited with a mixture of peanut butter, rolled oats and 
honey. Traps were set in transect lines of 24 to 28 Elliott traps spaced 10 metres 
apart at each site, and were cleared the following morning. A maximum of three 
cage traps were interspersed with the Elliott traps along the transect line. All 
traps along each transect line were set in similar vegetation types. Trapping was 
carried out for three consecutive nights at each of the 25 sites (Fig 3.1). All sites 
were trapped once, apart from four sites (NP1 - 4) which were trapped in 
consecutive years following extraordinarily high success rates in the first 
instance. Traps were placed in the proximity of logs and/or vegetation cover so 
as to enhance the probability of capture (Barnett et al. 1978). When trapping was 
carried out at sites classified as being free from infection with P. cinnamomi, traps 
were placed a minimum of 20 metres away from any infection boundary. 
Animals were identified by earmarking. Records were made of the animals’ sex, 
weight, body length, head length, pes length and reproductive status prior to 
their release at the capture site. 
 
Records of captures were stored in a computer database (Open Access II: 
Software Products International 1989) along with the status of P. cinnamomi 
infection at each site. Capture rates were standardized to mean captures per 100 
trap nights for statistical analyses. These results were grouped on the basis of 
infection with P. cinnamomi. The abundances of small mammal species at 
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infected and uninfected sites were compared statistically (Mann-Whitney U test) 
to test the null hypotheses that the capture of these animals showed no 
significant variation between sites.  
 
3.2.3  Vegetation data collection and analysis 
 
The vegetation at each trapping site was described in both floristic and 
structural terms. These data were collected in spring and early summer of 1987 
using a similar technique to that used by Braithwaite and Gullan (1978). A 
herbarium of local plant species was prepared and identified by reference to 
texts (Costermans 1981) and with the assistance of Mr. D. Albrecht, National 
Herbarium, Victoria. Three quadrats (10 x 1 metre) were placed randomly along 
each transect line. Assessments were made of the structural characteristics of the 
vegetation using a ranging pole (1.8 metres) divided into 20 cm segments. The 
denseness of the vegetation within each 20 cm interval was visually assessed 
and recorded on an arbitrary five point scale. The average density of vegetation 
was determined using this method for five points from within each quadrat. A 
mean and standard deviation of the vegetation volume was calculated for each 
structural level, and values were compared between the two P. cinnamomi 
groups (infected, uninfected) using the Mann-Whitney U test.  
 
Floristic vegetation analysis was undertaken using the three quadrats assessed at 
each trap site. The cover of each plant species identified was estimated using the 
Braun-Blaunquet scale (Mueller-Dombois and Ellenberg 1974). The Braun-
Blanquet values from the three quadrats at each site were averaged to obtain an 
index of cover for each plant species. The data were rescaled from the original 
scale of +, 1, 2, 3, 4 & 5, to a scale running from 1 to 6. Floristic data was analysed 
using two independent methods to determine whether the perceived 
classification of the trapping sites into infected and uninfected groups using X. 
australis, concurred with classification schemes using quadrat floristic data. A 
hierarchical agglomerative method of Cluster Analysis (SPSS 1992) was used to 
sort the sites based on the similarity in the plant species found at sites. A 
minimum variance method, also known as Ward’s method (Ludwig and 
Reynolds 1988; Orloci 1967) was employed. However, cluster techniques enforce 
a hierachical structure to the data, resulting in relationships which may not be 
real. For this reason another ordination method was used. Non-metric 
Multidimensional Scaling (MDS) has been a preferred method for displaying 
and assessing community patterns (Clarke 1993). This procedure was used to 
group trapping sites on the basis of floristics, by using the chi-squared value (the 
default for count values) of the counts from the Braun-Blanquet Scale. This 
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analysis was also performed using SPSS for Windows (1992). A more detailed 
appraisal of both cluster and MDS methods are included in Chapter 4 of this 
thesis. The arbitrary groupings provided by each method designated sites into 
one of two categories, either ‘A’ or ‘B’. Differences between the mean cover of 
plant species of special interest, such as X. australis, Acrotriche serrulata, Isopogon 
ceratophyllus, at sites differentially infected with P. cinnamomi, were compared 
using ANOVA (SPSS: Release 5, SPSS Inc. 1992). 
 
3.2.4  Animal-Vegetation Relationships 
 
The relationships between the captures of A. stuartii at various sites, and the 
volume of vegetation (ie. the structural characteristics) at each 20 cm level above 
the ground to an upper level of 180 cm, were examined using simple linear 
regression. Analysis of variance was used to test the significance of each 
relationship between each structural level and the number of A. stuartii captured 
at each site (Sokal and Rohlf 1981).  
 
Relationships between the number of A. stuartii captured at each site and the 
categorization of sites suggested by MDS / Cluster Analysis were investigated  
using Logistic Regression. This was performed using SPSS (Release 5, SPSS Inc. 
1992). 
 
3.3 Results 
 
 3.3.1  Small mammals 
 
Four mammal species were recorded from 783 trap nights at the 25 sites used 
this preliminary study. They were Antechinus stuartii (Macleay), Mus musculus 
L., Rattus norvegicus L. and Phascogale tapoatafa (Meyer). Antechinus stuartii was 
captured most consistently with 358 captures accounting for 91% of all small 
mammal captures (Table 3.1).  This species was captured at all sites where 
animals were captured, and was always in higher abundance than other small 
mammals.  
 
Both R. norvegicus and M. musculus were captured in low numbers within the 
National Park and in the Water Board's catchment, apart from one site (WB1) 
where they were captured in greater numbers. The vegetation at this site was 
dissimilar to the rest of the Brisbane Ranges; being composed of tree ferns and 
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Table 3.1  Total captures per 100 trap nights of small mammals at sites  
  in the Brisbane Ranges. 
 
   ( ) = total captures, 
   # = site infected with P. cinnamomi,   
   - = rating not applicable, all other sites are classified as uninfected.  
   @ = not held in trap,  
   NP = National Park,  
   WB = ‘Water Board Area’. 
   
 
     
Site A. stuartii M. musculus R.norvegicus P. tapoatofa 
     
NP1  '87 30.8  (25)    
NP2  '87 28.9  (26)    
NP3  '87  #   4.6    (4)    
NP4  '87  # 16.1  (14)    
NP1  '88 50.6  (44)  2.5  (2)  
NP2  '88 36.6  (33)  1.1  (1)  
NP3  '88  # 22.6  (19)  3.6  (3)  
NP4  '88  # 22.6  (19)  2.4  (2)  
NP5   2.4    (2) 1.2  (1)   
NP6  #   2.4    (2) 1.2  (1)   
NP7  #   2.2    (2) 1.1  (1)   
NP8  #   5.3    (4)    
NP9  #   4.0    (3)    
NP10 17.3  (14)    
NP11 18.5  (15)    
NP12 #   9.9    (8)    
NP13   5.5    (4)    
NP14 # 12.8  (10)   2.5  (2)  @ 
NP15 21.3  (16)    
NP16 #     
WB1  - 22.2  (20) 4.4  (4) 11.1  (10)  
WB2 13.8  (12) 3.4  (3) 1.1    (1)  
WB3 14.5  (10)    
WB4  -   5.7    (5)    
WB5  -   5.7    (5)   1.1  (1)   
WB6 16.0  (13)   4.9    (4)  
WB7   9.3    (7)    
WB8 13.3  (10)    
WB9 19.4  (14)    
     
Totals (358) (11) (23) (2) 
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other dense vegetation normally associated with moist gullies. The sites are also 
close to Ballan Road and Stony Creek Picnic Area, where there is a regular 
human presence. 
 
The presence of the tuan, P. tapoatafa was confirmed by identification of tail 
hairs retained in several traps at one site (NP14) (Brunner and Coman 1974), 
however the animals were never retained in traps.  This species has also been 
occasionally recorded from roadkills in the northern end of the park. 
 
Analysis of trapping results using the Mann Whitney U Test, demonstrated a 
significant difference (p= 0.0023) between the median captures per 100 trap 
nights of A. stuartii captured at sites infected with P. cinnamomi, and those free of 
infection (Fig. 3.2). The capture rates of other species in infected habitats were 
not significantly different from that in uninfected areas (M. musculus, p= 0.897, 
R. norvegicus, p= 0.756). 
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Fig. 3.2 Comparison of captures (/100 trap nights, + s.e.) of A. stuartii, R. 
norvegicus and M. musculus in areas infected with, and free from 
infection with P. cinnamomi.  
 (* p=0.0023, Mann Whitney U test, n=9 infected, n=13 uninfected) 
 
Several sites demonstrated very high capture rates of A. stuartii (NP1 & NP2) 
during 1987. These were retrapped in 1988 to assess the repeatability of the 
trapping, and determine their suitability for intensive study sites in later studies. 
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Results from 1988 at these sites were omitted from statistical analysis since 
similar assessments were not made at other sites. The 1988 trapping session on 
sites NP1 to NP4 also detected the regular presence of R. norvegicus at both 
infected and uninfected sites, and the increased capture rate of A. stuartii at both 
the infected and uninfected sites. 
 
 3.3.2  Vegetation 
 
The density of the vegetation at 20 cm strata levels (Fig. 3.3) was found to be 
significantly different at the first three structural levels when comparing infected 
and uninfected sites (0-20 cm and 20-40 cm levels both p< 0.01, 40-60 cm level p 
= 0.05, ANOVA). 
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Fig. 3.3          Mean denseness (± s.e.) of understorey vegetation at survey  
                       sites.  (* = p< 0.05, ** = p< 0.01 Mann Whitney U Test)  
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The results of the cluster analysis using the minimum variance (Ward’s) method 
demonstrated a grouping of the infected and uninfected sites at the highest 
order of classification, with two sub-groups of uninfected sites (Fig. 3.4). The 
results of Multidimensional Scaling (MDS) demonstrated the grouping of 
infected sites together on the bottom of the output, with the uninfected sites 
loosely grouped together to the top (Fig. 3.5). Dimension 1 was the most 
discriminating axis with the zero level providing the main delimiter of infected 
and uninfected sites. 
 
100806040200
Information content
Uninfected
Infected
Fig. 3.4    Cluster  analysis of study sites in the Brisbane Ranges using   
                 Minimum  Variance (Ward’s) Method.  
                 Infection status of sites are noted.
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NP6       NP7 
NP8       NP9 
NP12     NP14 
NP16
 
NP5       NP13 
NP15     WB2 
WB3      WB6 
WB7      WB8 
WB9 
NP1       NP2 
NP10     NP11
 
The cover of X. australis was found to be significantly different (ANOVA, F= 
68.309, d.f.= 21, p< 0.0001) at infected and uninfected sites, but no significant 
differences were noted for other susceptible plant species, such as Isopogon 
ceratophyllus, Banksia marginata and Acrotriche serrulata. 
 
 3.3.3  Animal-Vegetation Relationships 
 
Regression analyses of the captures of A. stuartii against the volume of the 
vegetation (Fig. 3.6) demonstrated positive relationships between the captures of 
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Fig. 3.6        Comparisons of captures of A. stuartii per 100 trap  
                    nights to vegetation density at two structural levels.  
                        (a) = 0-20 cm above ground level.  
                                        Regression line: y = -1.538+ 7.194x; r  = 0.295; P = 0.009 
                             (b) = 20-40 cm above ground level.  
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A. stuartii and the volume of the vegetation in the partitions 0-20 cm (F= 8.359, 
d.f.= 21, r
2
= 29.5%, p= 0.009) and 20-40 cm (F= 6.611, d.f.= 21, r
2
= 24.8%, p= 
0.0182) strata above ground level. The relationship between the capture of A. 
stuartii and the volume of vegetation at all other levels (4-60, 60-80, 80-100, 100-
120, 120-140, 140-160 and 160-180 cm) were found to be not significant 
(ANOVA).  
 
Cluster analysis and MDS were used to group the sites on the basis of the plant 
species that were present at each site. In addition to assessing the realtionship 
between the denseness of vegetation and the abundance of Antechinus stuartii, 
and analysis was also conducted relating overall infection status of the sites, as 
grouped by cluster analysis, and the abundance of Antechinus stuartii. Since 
only two groups are present (infected and non-infected) logistic regression was 
employed, and these groupings were used as the categorical variable in a 
Logistic Regression Analysis. The results from this analysis demonstrated a 
significant correlation (r
2
 value = -0.130, p= 0.0153) between the grouping of 
sites based upon the plant species present, and the number of A. stuartii present 
(Table 3.2). The analysis also displayed an overall success rate of 77% in 
predicting the capture of A. stuartii on the basis of the plant species present 
(Table 3.2). 
 
 
Table 3.2 Results of Logistic Regression Analysis of the prediction of capture  
  rates of A. stuartii, based on the infection status of trapping sites.  
  Sites grouped on plant species as assessed by Cluster and MDS 
  Analysis.  r value = -0.361, p= 0.0153 
 
 
 
 Predicted  
Observed Uninfected Infected % Correct 
Uninfected 11 2 84.62 
Infected 3 6 66.67 
  Overall 77.27%
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3.4  Discussion 
 
 3.4.1 Small Mammals 
 
Antechinus stuartii was the most common small mammal to be captured, 
comprising 91% of the total small mammal captures (Table 3.1). This observation 
appears consistent with results from previous surveys of the study area 
reporting that this species is abundant and widespread (Conole 1981; Conole 
and Baverstock 1988; Hampton 1971).  
 
It was evident that the introduced species (M. musculus and R. norvegicus) were 
more commonly captured at sites within the GDWB catchment, with the highest 
capture rates at sites close to water, such as sites WB 1, WB 2 and WB 6 (Table 1). 
This catchment area is closed to public access, however these sites are in close 
proximity to the Ballan Road, perhaps providing food sources for introduced 
species which are normally found in commensal associations with humans. The 
capture rates for these species were not significantly different between sites 
infected and uninfected with P. cinnamomi, however this result may be a 
function of the overall low capture rates for both species. 
 
The secretive nature and large home range of Phascogale tapoatafa (T. Soderquist, 
pers. comm.), coupled with the relatively small length of trapping lines, meant 
that this species was rarely detected. Phascogale tapoatafa in this study was 
recorded from tail hairs caught in a trap hinges, when captured animals escaped 
by forcing open the rear door of the trap. This occurred in several adjacent traps, 
and may have been due to a single individual. These animals were only rarely 
seen in the National Park and their population status is unknown. 
 
 3.4.2 Vegetation 
 
Phytophthora cinnamomi was associated with a significant reduction in the density 
of vegetation from 0 to 60 cm above ground level (Fig. 3.3). This pathogen has 
been shown in previous studies in the Brisbane Ranges to alter both the 
structure and floristics of vegetation (Dawson and Weste 1985). The significant 
decrease in the density of vegetation in these lower levels was most likely to be 
due to the loss of the grass tree, X. australis, which is normally the dominant 
species in the understorey. In wetter areas X. australis may normally be 
substituted by sedges such as Gahnia radula and Lepidosperma semiteres, and 
shrubs such as Leptospermum continentale and Kunzea ericoides. These species may 
replace some ground cover at sites following infection by P. cinnamomi. At drier 
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sites the loss of X. australis leaves large areas of bare ground with litter from the 
dead grass trees, and small herbs such as Drosera spp. and Wahlenbergia spp. 
 
The overall effect of P. cinnamomi in the Brisbane Ranges is to create ‘islands’ of 
healthy vegetation dominated by X. australis on elevated ground, surrounded by 
areas of lower, bare ground. Slowly these ‘islands’ are eroded as the pathogen 
moves uphill over time, though this process may be quite slow. Therefore P. 
cinnamomi at these study sites appears to fragment the habitat, and act as an 
isolating mechanism and selective force in shaping the size and structure of 
individual plant populations and communities (Burdon 1991). 
 
 3.4.3 Relationships  between A. stuartii, vegetation and P. cinnamomi  
 
Capture rates of A. stuartii at sites infected with P. cinnamomi were found to be 
significantly lower than those at sites free from infection (Fig. 3.2). There may be 
many factors hypothesized to be involved in this response, however the obvious 
choices include alterations to the floristics or structure of the vegetation, or a 
combination of both of these factors. Another factor may be an alteration to the 
availability of dietary resources for A. stuartii, since food is known to be a 
limiting resource in small mammal populations (Ford and Pitelka 1984, Smith 
1971; Southern 1979). However, food availability has generally not been 
considered a limiting resource for A. stuartii, except during the winter months 
and during lactation (Statham 1982a; Lazenby-Cohen and Cockburn 1988). 
 
Antechinus spp. have been shown in previous studies to be dependent on the 
structural characteristics of their habitat (Fox and Fox 1981; Hockings 1981; 
Statham and Harden 1982b), particularly logs and vegetation below 1 metre in 
height (Barnett, et al. 1978). Moro (1991) found that A. stuartii in the Otway 
Ranges, Victoria, were associated with relatively open, yet structurally complex 
areas. Antechinus stuartii may also select dense cover for foraging (Predavec 
1990), since it is noted as both a generalist and opportunistic feeder, mainly on 
invertebrates (Hall 1980). 
 
This investigation has identified significant alterations to the vegetation 
structure at lower structural levels (Fig. 3.3), and also identified a significant 
relationship (with moderate r2 values) between the volume of vegetation at the 
lower two structural levels and the abundance of A. stuartii (Fig. 3.6). The 
abundance of A. stuartii was also negatively correlated (Table 3.2), with trap sites 
groupings based on their floristics/P. cinnamomi category. The low r2 value of 
this relationship suggested that floristics alone may not be the only dependent 
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variable contributing to this model. The abundance of A. stuartii therefore may 
have a stronger relationship with vegetation structure than floristics, and is 
likely to be related to loss of X. australis from the understorey, since this is the 
most dominant understorey plant present. 
 
Preferences of A. stuartii for floristic groups containing Xanthorrhoea spp. have 
previously been identified (Wakefield and Warneke 1967; Wilson 1991; Wilson et 
al. 1986), but a specific association between A. stuartii and X. australis has yet to 
be fully elucidated. Previous workers have suggested relationships between 
vegetation structure and the number of insects/arthropods that may be 
supported (Friend and Taylor 1985), and suggested indirect correlations between 
vegetation, invertebrate abundance and numbers of insectivores (Gullan and 
Robinson 1980). It is likely that A. stuartii may also utilize X. australis as a nesting 
site, particularly in the hanging skirt remaining from dead leaves. Thornbills 
(Acanthiza inornata) have been shown to have significant and exclusive 
associations with Xanthorrhoea pressii by nesting in the dead skirt material 
(Brooker and Rowley 1991). Disturbance of this skirt by wildfire was 
demonstrated to shift nesting activity to the newer leaves following the fire 
(Brooker and Rowley 1991). Anecdotal evidence from this study supports the 
idea of A. stuartii utilizing X. australis, by the observation that this species 
commonly seeks shelter in grass trees immediately following release at capture 
sites.  
 
As well as favouring an invertebrate diet (Hall 1980), A. stuartii have been 
recorded ingesting the flowers of Acrotriche  spp. during late winter/early spring 
(Statham 1982a). The role of A. stuartii in pollination of plants has yet to be 
investigated, however it could be speculated that a decrease in numbers of A. 
stuartii due to P. cinnamomi could alter the pollination of Acrotriche spp. and 
other flowering plants in the area, in a similar fashion to that demonstrated in 
Banksia spp. (Goldingay et al. 1987). An alternative view is that Acrotriche might 
still be available as a food resource to A. stuartii at sites following infection, since 
Acrotriche serrulata appears to reasonably resistant to P. cinnamomi at low 
inoculum levels, and therefore ubiquitously present post primary infection.  
 
Phytophthora cinnamomi has been shown to affect the species diversity of small 
mammals on a broad scale (Wilson et al. 1990), and act as a selective force within 
plant populations and plant communities (Burdon 1991). The observations in 
this preliminary study of the effect of P. cinnamomi upon A. stuartii abundance, 
provided the impetus to investigate further the relationship between X. australis 
and A. stuartii.  
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The task now is to elucidate the mechanism(s) by which changes in vegetation 
structure alters the suitability of the habitat for A. stuartii. Three immediate 
possibilities exist for an explanation of the dependence of A. stuartii on structure. 
Structure may: 
 
 1) provide nesting sites for A. stuartii (viz. Brooker and Rowley 1991) 
 2) enable predator avoidance (Abrahams and Dill 1989) 
 3) be indirectly responsible for supporting food resources for  
  A. stuartii, ie. invertebrates. 
 
These are the questions raised from the results of this chapter which set the 
scene, and provide a basis for more intensive investigations on the habitat 
utilization of A. stuartii in following chapters of this thesis. 
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Chapter 4 
 
The effects of Phytophthora cinnamomi  
on vegetation 
 
 
 
 
 
 
_______________________________________________________________________ 
 
4.1 Introduction 
 
The results detailed in Chapter 3 demonstrate the significant effect of P. 
cinnamomi upon small mammal communities. In the Brisbane Ranges, the 
presence of the pathogen was shown to be associated with reduced abundance 
of A. stuartii, the only small mammal resident in the heathy forest community. 
These results concur with an earlier reported association between the presence 
of the pathogen and the low density and diversity of small mammal 
populations. This work, undertaken in the Anglesea area, analysed the 
composition of small mammal communities in areas with and without the 
presence of P. cinnamomi in habitats ranging from sand dune, heathland to 
forest communities (Wilson et al. 1990).  
 
For most small mammals plant communities provide a large component of 
their environment upon which they may be heavily dependent. The 
constituents of plant communities are often arbitrarily grouped into two major 
factors; floristics (ie. the plant species that are present), and structural 
components. The role of these two factors in influencing small mammal 
populations has been previously discussed in the introduction to this thesis.  
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Antechinus stuartii has been shown in several studies to frequent a wide variety 
of habitat, and is thus considered to be a habitat generalist (Gullan and 
Robinson 1980; Statham and Harden 1982a, 1982b; Stewart 1979; Suckling and 
Heislers 1978; Wakefield and Warneke 1963). In general, it has been concluded 
that A. stuartii is more dependent on the structural components of vegetation 
rather than the floristics (Barnett et al. 1978; Bennett 1993; Gullan and Robinson 
1980). Nevertheless other studies have proposed that A. stuartii is not 
consistently associated with any particular floristic or structural grouping 
within homogeneous vegetation (Cockburn 1981; Hall and Lee 1982).  
 
Results from Chapter 3 provide evidence that A. stuartii is associated with X. 
australis, which forms the dominant structural component of the understorey at 
study sites in the Brisbane Ranges. This plant species, along with many others, 
is known to be highly susceptible to P. cinnamomi, and succumbs totally to 
infection (Weste 1986; Weste and Taylor 1971). Hence the presence of the 
pathogen can induce large alterations to the structure of the vegetation 
communities (Dawson and Weste 1985), with the proportion of bare ground 
increasing from 30 to 90% within one year (Weste et al. 1976). This can occur 
rapidly since the pathogen has been shown to move through vegetation 
communities in the Brisbane Ranges at rates of between 4 m per month and 400 
m per annum, independent of both soil and vegetation type, but dependent on 
run-off (Weste and Taylor 1971; Weste et al. 1976). It is therefore hypothesized 
that P. cinnamomi significantly alters the structure and/or floristics of the 
vegetation communities in the Brisbane Ranges, and that this leads to 
alterations in the habitat utilization of the small mammal, A. stuartii. 
 
4.2 Aims 
 
This study intended to assess alterations to environmental, vegetation and 
habitat parameters as the movement of a P. cinnamomi disease front occurred on 
two study grids over a period of time.  The specific aims were to: 
 
— describe the floristic and structural characteristics of the vegetation at 
 selected study sites. 
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— investigate temporal alterations to the vegetation due to the presence of 
 P. cinnamomi. 
 
— determine whether habitat variables potentially important for 
 utilization of habitat by A. stuartii might be altered by the presence of P. 
 cinnamomi. 
 
4.3 Methods  
  4.3.1 Site Selection 
 
A stratified random method of vegetation analysis (Price and Kramer 1984; 
Taylor et al. 1984) was implemented using two ‘grids’ in the southern part of 
the Brisbane Ranges National Park (Fig. 4.1). Each grid contained 100 sites 
spaced 20 m apart. The areas were chosen primarily to maximize any detectable 
effect of the pathogen. Criteria used in site selection included the presence of 
both healthy and diseased stands of X. australis, active infection of the area with 
P. cinnamomi, and adequate sloping ground for rapid movement of the 
pathogen downhill. Circular vascular steles of X. australis usually remain in the 
ground following the death of the plant in response to P. cinnamomi, and 
subsequent loss of P. cinnamomi from the soil. These holes were  used to 
interpret the ‘dieback’ history on both grids. Grids were established along 
management access tracks to enable access by researchers, and to discourage 
disturbance from members of the general public. Since these grids were also to 
be used for small mammal studies, site selection also considered the population 
density of A. stuartii. 
 
Ideally, several replicates of grids would be needed for across-grid statistical 
comparisons, however this was considered logistically impracticable. 
Consequently only two grids (A & B) were established to be sampled in a 
stratified random manner (Price and Kramer 1984). These could not be used for 
statistical comparisons with one another, but enabled some confirmation of the 
consistency of results. 
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Grid A was established adjacent to two of the preliminary study sites, NP 3 and 
NP 4 (Furze Track). This site was chosen because of previous records (Chapter 
3) of a high density of A. stuartii present in the area. Grid B was established in a 
previously untrapped area approximately one kilometre from Grid A adjacent 
to a vehicle track (Friday’s Track). The proportion of sites infected with P. 
cinnamomi on each grid was approximately 60% and 40%  for Grids A and B 
respectively.  
 
 4.3.2 Distribution of P. cinnamomi on each grid 
 
Two methods were used to determine the distribution of the pathogen P. 
cinnamomi. The first method (indirect) involved assessing the health status of X. 
australis, since this species is known to be highly susceptible to the pathogen 
(Dawson and Weste 1985). This procedure was repeated annually between the 
years 1989 to 1992 inclusively, to obtain a temporal assessment of the degree of 
infection by P. cinnamomi on each grid. The infection boundary in each case was 
recorded on a detailed topographic map. Sites on each grid were assessed 
visually using this method to assign an infection rating. An arbitrary three-
point scale was used: (a) uninfected, (b) actively infected, or (c) long-term 
infection, based on the presence of X. australis remains. 
 
The second method involved the technique of cotyledon baiting (Chee and 
Newhook 1965a; Greenhalgh 1978; Marks and Kassaby 1974). This investigation 
was conducted twice in November and December 1992, and was aided by the 
resources of the Department of Conservation and Natural Resources (Victoria). 
These test were set up by the author, but assessed by Dr. Ian Smith. The efficacy 
of this technique is dependent upon soil inoculum levels, which may be highly 
variable.  
 
On the first sampling occasion sites were selected in a stratified manner on both 
trapping grids. Soil samples were taken at 25 sites on Grid A and at 27 sites on 
Grid B. These samples were collected in November 1992, after a warm period 
with moderate rainfall, to maximize the probability of successfully detecting 
the pathogen. Samples were collected of moist soil several cms below ground 
level, and included live root material. The results from the initial sampling 
indicated the need for a different sampling regime. Subsequent sampling was 
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undertaken along active disease fronts where the pathogen was most likely to 
be ‘active’, and therefore detectable.  
 
The second sampling session took place approximately one month later under 
similar climatic conditions. Due to the low success rate of the first sampling, in 
this case soil samples were collected from around grass trees displaying early 
signs of infection (Weste and Marks 1987). Ten sites were sampled on each 
trapping grid. 
 
Five sub-samples (200g) were pooled to produce a composite sample (~1 kg) 
for each site. Samples were collected with a sterilized hand trowel and placed 
into sealed plastic bags for transport. Bags were stored at ambient room 
temperature prior to cotyledon baiting being initiated several days later. The 
contents of each bag were mixed thoroughly prior to a sub-sample (50 g) being 
removed and placed into a plastic cup. The cup was filled with doubly distilled 
water and 10 or more cotyledons of Eucalyptus sieberi were floated on top. The 
cup and contents were then kept at a constant temperature (200 C) for 5 days, 
after which a visual assessment was made for the presence of hyphae and 
sporangia of P. cinnamomi attached to the cotyledons. This was performed by 
Dr. I. Smith and results were forwarded to the author.  
 
 4.3.3 Vegetation  
 
Vegetation data was obtained in November, 1989, and November - December, 
1991 to assess both the floristic and structural qualities of the vegetation at each 
trapping site. This was performed in a stratified random manner (Price and 
Kramer 1984). The methods of data collection were similar in both instances, 
however the 1989 vegetation sampling was only conducted at every second site 
(50 quadrats on each grid) due to time constraints. 
 
 4.3.3.1 Floristic Data Collection and Analysis 
 
Similar techniques to those described in section 3.2.3 (Braithwaite and Gullan 
1978), were used to collect and analyze vegetation data from every second trap 
site in 1989. Data were also collected from 100 quadrats (5 x 2 m) in 1991 on 
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each trapping grid. Each quadrat was aligned with the trap marker point in one 
corner (Fig. 4.2). The information from these 10m2 quadrats provided 
information on the smaller herbs, forbs, shrubs and trees which were present in 
the quadrat, or projected into the quadrat. The composition of the dominant 
tree species at each trapping site was determined when assessing projective 
foliage cover of the whole (20 x 20 m) trap site. 
 
  
Fig 4.2   Arrangement of  quadrats  (5x2 m) on trapping sites and grids 
  
10 m.
1 2
1211
Quadrat
trapping site with invertebrate trap
trapping site without invertebrate trap
 
 
The cover/abundance of each plant species was recorded in each quadrat using 
the Braun-Blaunquet scale (Mueller-Dombois and Ellenberg 1974). Records 
were also made of species not present within the quadrat, but located nearby, 
and of the dead remains of X. australis. The Braun-Blaunquet scale was also 
used to record the abundance of litter and bare ground, and other features such 
as rocks and logs were noted. Plants were identified to species level, where 
possible, with reference to texts (Costermans 1981), local herbaria specimens, 
and with the assistance of Mr. D. Albrecht, National Herbarium, Victoria. 
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Floristic data sets were assembled for two purposes. The primary purpose was 
to assess the effect of P. cinnamomi on the floristic composition of the two grids. 
A secondary aim of these analyses was to verify or discard the researcher’s 
initial observations on the classification of these trapping sites as being either 
long-term infected, recently infected or uninfected with P. cinnamomi. Floristic 
data from each quadrat was treated independently for each trapping grid since 
they were separated by approximately one kilometre. The floristic composition 
for each grid was not presumed to be the same. Several different methods were 
employed to identify the relationships between the floristic composition of the 
quadrats from each trapping site, as outlined below.  
 
 Ordination  Techniques  
  Multidimensional Scaling 
A variety of ordination techniques were used for several purposes in the 
analysis of the floristic data. As a general, exploratory first step, the non-
parametric technique Multidimensional Scaling (MDS) 
(Clarke 
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1993)  was used on the raw floristic 
data (ie rescaled Braun-Blanquet Scale from +, 1, 2, 3, 4 & 5, to a scale 1 to 6) 
from which a dissimilarity matrix was produced (SPSS 1992). In particular this 
technique was used to determine if the groupings assigned by the observer 
based on the degree of infection by P. cinnamomi were also ‘represented’ by the 
groupings established from the presence or absence of plant species. 
Multidimensional scaling was  performed using the Euclidean distance model, 
and outputs were produced in 2 dimensions (SPSS 1992). 
 
  Cluster  Analysis 
Following this introductory analysis an agglomerative hierarchical technique 
(Cluster) (SPSS 1992) was employed in a similar fashion to Field et al. (1982), to 
assemble trapping sites into major groups. Several cluster methods were 
assessed for their capabilities in this two-part analysis; firstly for the algorithm 
employed in the initial measure (distance) analysis, and secondly for the 
clustering method used to produce a two-dimensional output. Squared 
Euclidean distance, Euclidean distance, Pearson correlation, Chebychev 
distance matrix, Manhattan distance and Minkowski’s association were all 
assessed as distance measures, with the latter being finally selected for the 
usefulness of its output, and its commonality between the software package 
used (SPSS 1992) and other relevant software such as PATN (Belbin 1989). 
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Several clustering techniques were assessed including between-groups linkage, 
within-groups linkage, centroid clustering, median clustering and Ward’s 
(Orloci’s - minimum variance) method. The latter clustering method was  
chosen for its ability to display subtle differences in information content, and to 
minimize ‘chaining’ effects common in some other clustering methods 
(Johnston 1978; Jongman et al. 1987; Ludwig and Reynolds 1988). The same data 
set was analyzed with PATN (Belbin, 1988) using the same association and 
clustering methods to confirm the results produced in SPSS, and to produce a 
two-way table of species present within each grouping. 
 
  Linear Discriminant Function (CVA) Analysis 
Since such clustering techniques impose a structural relationship between the 
independent variable (quadrat site) being assessed, even if one may not exist 
(Clarke 
1993) , the presence of the major 
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groupings determined from clustering were validated using Linear 
Discriminant Function (Canonical Variates Analysis - CVA) analysis (Gittins 
1985; Jongman et al. 1987). This analysis assessed the membership of plant 
species that were important in the grouping of quadrat sites based on the 
cluster grouping, and identified their importance in contributing to the linear 
function. This process allows the analysis of several sets of variables 
simultaneously to produce discriminant function scores (James and McCulloch 
1990), which were then compared statistically to their group centroids.  
 
All plant species recorded on each grid were used in these analyses as well as 
other factors assessed such as litter, moss, and bare ground. All variables were 
entered simultaneously into the linear equation. The degree of association 
between these discriminant scores was recorded as outputs of canonical 
correlation, and in tables of discriminant scores and associated significances.  
 
The use of a variety of ordination techniques (MDS, Clustering, CVA) allowed a 
more objective classification of sites (ie quadrats) from each grid, than direct 
observations of either ‘infected’ or ‘not infected’. This process of allocation of 
sites into distinct groups based upon more than a single observation was 
considered important since the determined groupings would become the 
independent variable to be used in many later analyses concerning the 
relationship of P. cinnamomi to other measured variables on the grids. 
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It was considered necessary to reduce the number of plant species from 
approximately 80 species to a more manageable number for assessing 
responses to P. cinnamomi.  Six categories of species were created based on the 
life-form of species. These included: (a) grasses and sedges, (b) herbs and forbs, 
(c) low shrubs, (d) tall shrubs and (e) trees. A single category for living X. 
australis was also retained since this life-form was considered very different to 
the other designated groups, and since it was the dominant plant species at 
most quadrat sites contributing significantly to the volume and structure of the 
vegetation. Indices of vegetative cover within each life-form were determined 
from the mean Braun-Blanquet rating for each species within the life-form 
group. Comparisons of these cover indices for each life-form were made 
between the floristic groups identified in the ordination techniques. These 
comparisons were made using one-way ANOVA following boxplot analysis to 
assess the normality of the distribution of each data set. Tukey’s Honestly 
Significant Difference (HSD) post-hoc test was used to identify floristic groups 
that differed on the basis of plant cover. 
 
 4.3.3.2 Structural Data Collection and Analysis  
 
The structure of the vegetation in each quadrat was assessed in a manner 
similar to that described in section 3.2.3, using a ranging pole (1.8 metres) 
divided into 20 cm segments (Bennett 1993; Cockburn 1981). The denseness of 
the vegetation within each 20 cm interval was determined by recording the 
number of direct physical contacts of vegetative matter (to a maximum 5) at six 
individual positions within each quadrat. The mean number of contacts with 
the vegetation at each structural level within each quadrat was calculated to 
derive the mean volume. These mean values were transformed due to the high 
frequency of low values including zero, by the equation   y = (y + 0.5)  (Zar 
1984) prior to using statistical procedures.  
 
Mean structural data was analyzed using a variety of ordination techniques, 
similar to those used in the analysis of the floristic data, to determine whether 
the groupings produced from the structure were correlated with the cluster 
groupings already obtained from the floristic data. Analysis of Variance (SPSS 
1992) was used to test the null hypothesis that there are no significant 
differences in the density of vegetation at any structural level between trapping 
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sites grouped on the results of ordination techniques on the floristic data. 
Tukey’s HSD post-hoc tests were used to identify the significant differences 
between the density of vegetation at each structural level.  
 
Principal Components Analysis (PCA) was utilized to reduce the number of 
structural levels from nine to a lower number of variables to facilitate 
interpretation. The PCA variables were used to examine the relationship of 
vegetation structure to other environmental variables including captures of A. 
stuartii. This was performed using SPSS for Windows (1992) without rotation of 
the factor axes. 
 
 4.3.4 Projective Foliage Cover 
 
The projective foliage cover (PFC) of the dominant overstorey Eucalyptus 
species was investigated at each trapping site using a cross-hair telescope. This 
instrument provided a 450 mirror to view the vegetation magnified directly 
above the observer, to detect the presence or absence of both living and dead 
plant material. A transect line was walked over each grid using a 100 metre 
measuring tape in the direction from trap site 1 to 2 to 3, etc. At each 2.5 metre 
interval an assessment was made whether there was canopy cover directly 
above (‘hit’ or ‘miss’). Eight observations were made along each transect line at 
each trapping site  (Fig. 4.3). A transect line was then walked perpendicular to 
the first one and the procedure was repeated avoiding the centre of each trap 
site which had previously been assessed. This provided a total of 15 
determinations for each trapping site on both grids (ie. a total of 1500 readings 
over the 100 sites on each grid).  
 
Mean values of projective foliage cover were calculated for each site and 
statistically compared using ANOVA following boxplot analysis (SPSS 1992). 
No data transformation was necessary and the floristic groups were employed 
as the independent variable. The null hypothesis that no significant difference 
in the cover afforded by the canopy at sites infected or free from infection with 
P. cinnamomi was tested. 
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trap site
 
 
Fig. 4.3 Positions of the 15 independent sampling points for canopy cover 
at trapping sites on both grids.  
 
  4.3.5 Habitat Quality of Vegetation 
 
Assessments of the potential quality of the major vegetation features as habitat 
for A. stuartii were made in several ways. Details of the 5 largest trees present at 
each trap site (20m x 20m) were recorded, including the species of Eucalyptus 
present, an estimation of their height to the nearest metre using a clinometer, 
measurement of their diameter (cm) at chest-height above ground, and the 
presence or absence of hollows. A critical trunk diameter of 15 cm was used, 
below which it was considered unlikely for hollows to be present. ‘Boxplots’ 
were used to assess normality of each data set. Normally distributed data sets 
were compared using ANOVA followed by a post-hoc Tukey’s HSD tests, 
while the Kruskal-Wallis test was used to compare the mean ranks of non-
normal data sets. Null hypotheses of no significant differences between trap 
sites grouped on the basis of floristics were tested for mean height, diameter 
and number of hollows present.  
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4.4 Results 
 4.4.1 Distribution of P. cinnamomi  
 
The distribution of P. cinnamomi on both trapping grids was determined 
indirectly by assessing the distribution of the healthy, assumed uninfected, 
Austral grass tree, X. australis, and directly by the process of cotyledon baiting 
to verify the presence of the pathogen P. cinnamomi. 
 
The distribution of X. australis was monitored annually from 1988 until 1993, 
and is shown in Figs. 4.4 and 4.5. The disease front on both grids moved only 
very slightly through root material over the 4 year period, despite active areas 
of infection being present across sloping land. Uphill and downhill rates of 
death of X. australis appeared to be approximately equal at an estimated 1-5 
metres over the duration of the investigation. On Grid A (Fig 4.4) death of X. 
australis around the trapping sites A81, A82 and A93 occurred during the study 
period. This area was already displaying the early signs of infection at the 
commencement of the study, including the collapse of the crowns of X. australis 
(see Plate 4.1). Other areas where the infection status was altered included a 
small island of healthy vegetation (Plate 4.2) around sites A18, A19 and A29. 
On Grid B (Fig. 4.5) the pathogen did not move perceptibly during the study 
period apart from an area around B64 - B75, and B78. Other areas along 
infection boundaries remained static over the 5 year period with no change in 
the degree of infection.  
 
Cotyledon baiting techniques were used to verify the existence of the pathogen 
at selected sites on both grids. The results for soil samples taken in November 
and December 1992 are shown in Table 4.1. Phytophthora cinnamomi was 
positively identified in only 6% of the November samples, and 25% of the 
December samples. 
 
 4.4.2 Floristics Analysis 
 
Vegetation data were collected in 1989 and again in 1991 to assess changes in 
the vegetation over time in response to P. cinnamomi. However, as the results 
above reveal, no large scale changes in the infection status were recorded on 
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Plate 4.1 Understorey vegetation affected by P. cinnamomi 
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Plate 4.2 Healthy understorey vegetation dominated by Xanthorrhoea australis 
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Grid A (Nov. 1992) Grid B (Nov. 1992) 
Uninfected Result Infected Result Uninfected Result Infected Result 
A1  A7 + B1  B31  
A3  A9  B3  B42  
A12  A20 + B5  B62  
A14  A18  B9  B63  
A21  A26  B20  B74  
A23  A45  B22  B77  
A25  A54  B30  B78 + 
A32  A72  B35  B96  
A33  A83  B52  B98  
A34  A92  B54    
A41  A64  B59    
A43  A56  B62    
  A40  B66    
    B68    
    B76    
    B92    
Grid A (Dec. 1992) Grid B (Dec. 1992) 
  A7    B31  
  A10    B32/42 + 
  A17 +   B63 + 
  A20    B65  
  A16/26    B75  
  A36    B77 + 
  A63    B78 (a)  
  A64    B78 (b)  
  A55 +   B95/96  
  A81/91    B98  
  21 
either grid. Analysis of the floristic and structural data was performed on the 
1991 data set due to the larger sample size. 
 
Ordination techniques were used for several purposes in the analysis of floristic 
composition of the grid sites. Confirmation of the distribution of P. cinnamomi 
and its consequential effects upon the plant communities was a prime 
consideration. Secondly, these techniques allowed an objective method of 
grouping sites prior to any statistical investigations of the effects of P. 
cinnamomi. Finally these techniques allowed the detection of the plant species 
which were most important in producing these groupings. 
 
The results from non-metric multidimensional scaling used as an exploratory 
method of the floristic constituents of trapping sites are shown in Figs. 4.6a and 
4.6b. Both of these diagrams demonstrate groupings of trapping sites along the 
horizontal axis (Dimension 1) that broadly reflect the infection states of the 
trapping sites where the quadrats were positioned. On Grid A (Fig. 4.6a) many 
of the sites initially classified as ‘long-term infected’ by the investigator were 
found to be clumped together suggesting a tight correlation between the plant 
species present at these sites. Uninfected sites were more widely scattered, 
while sites displaying early signs of infection were spread along the Dimension 
1 axis. This procedure was performed in 6 iterations with a stress of 0.2117, and 
a r2 value of 0.8124. On Grid B (Fig. 4.6b) a similar arrangement was evident 
with long-term infected sites on the left of the plot and uninfected sites 
displayed primarily on the right, though several outliers were apparent in each 
case. Sites displaying early signs of infection were also spread along the 
Dimension 1 axis as in Fig. 4.6a. This ordination was also completed in 6 
iterations with a stress of 0.2614 and with a r2 value of 0.6968.  
 
The result of these MDS ordinations then provide a reasonable basis for 
confirming that the floristic data obtained from quadrats on both grids may 
allocate the trapping sites into groups which broadly follow the suggested 
infection states. This was an important consideration prior to clustering 
techniques which impose hierarchical structures or relationships which may or 
may not be present (Clarke 1993; Faith 1991). 
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Fig. 4.6a     Results of Non-metric Multi Dimensional Scaling of floristic data  
                   from Grid A. Infection groups based on symptoms.
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Fig. 4.6b    Results of Non-metric Multi Dimensional Scaling of floristic data  
                   from Grid B. Infection groups based on symptoms.
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The next step involved the use of a hierarchical agglomerative (cluster) method 
to group the trapping sites on both grids into appropriate groups prior to 
further analysis. The method used for both grids was Minkowski’s distance 
measure followed by Ward’s Minimum Variance method to produce 
dendrograms of the information content of the floristic data from both grids. In 
both cases an arbitrary level of 60% of the information content was used as a 
lower level to partition groups or clusters. Cluster analysis was performed 
using both SPSS (1992) and PATN (Belbin 1989) software packages to confirm 
the composition of the resulting cluster groups. The results of these 
dendrograms from SPSS package are shown in Figs. 4.7 and 4.8 for Grids A and 
B respectively.  
 
Three major floristic groups were identified on each grid and these were 
designated as ‘flor-groups’. Of the 100 sites on Grid A only four sites (Fig 4.7) 
were grouped anomalously from the original classification based on their 
infection status only (Table 4.2). The spatial distribution of these quadrat/sites 
(Fig. 4.9) demonstrated a high degree of similarity to the mapping of the P. 
cinnamomi infection front for the same grid (Fig. 4.4). Similarly on Grid B while 
ten sites were classified differently (Fig. 4.8), their spatial arrangement (Fig. 
4.10) is very similar to that of the distribution of P. cinnamomi (Fig. 4.5). Hence 
all cluster groupings broadly reflected the initial classification scheme based on 
a visual assessment on P. cinnamomi infection status. For Grid A, Group 1 
contained uninfected sites, while Groups 2 and 3 contained infected sites. On 
Grid B Groups 1 and 2 contained uninfected sites, while Group 3 contained 
sites considered to be infected with P. cinnamomi. 
 
The floristic composition of these three ‘flor-groups’ for each grid can be seen in 
two-way tables (Tables 4.3 and 4.4) produced by the software program PATN 
(Belbin 1989). Abbreviations for the plant species listed are shown in Appendix 
2. The floristic groups on the two grids differed slightly. On Grid A (Table 4.3) 
Group 1 (uninfected) was characterized by healthy X. australis and species such 
as Epacris impressa, Kunzea ericoides, Dillwynia sericea and Banksia marginata. This 
group on Grid B (Table 4.4) was more difficult to characterize. Apart from X. 
australis, the group included species such as Hovea linearis, Goodenia geniculata, 
Hibbertia stricta and Dillwynia sericea. Group 2 (uninfected) on Grid B also 
contained many plant species in common with Group 1, including Pultenea 
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Fig. 4.7     Dendrogram  showing hierarchical classification of floristic  
                  quadrat data from Grid A.  Percentages indicate proportion of total        
                  living plant species (n=47) found in each floristic group.  
                  
                 * = anomalous sites from visual classification of sites infected  
                       with P. cinnamomi .   
                 Details of sites included in Groups shown in Table 4.2.
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(* Sites 41, 51,  
      52, 63, 80)
(* Site 64)
Fig. 4.8      Dendrogram  showing hierarchical classification of floristic  
                   quadrat data from Grid B. Percentage values indicate proportion 
                   of living plant species (n=51) found within each floristic group 
                  
                  * = anomalous sites from visual classification of sites infected  
                        with P. cinnamomi .   
                     Details of sites included in Groups shown in Table 4.2.
(* Site 48, 78)
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Table 4.2 Allocation of trapping sites on Grids A and B resulting from MDS  
  and clustering techniques. Trapping sites grouped anomalously  
  from original observations are identified. 
 
 
                                       Grid A 
 Group 1 Group 2 Group 3 
n = 30 12 58 
Grouped as per 
original 
observations 
1, 2, 3, 4, 5, 6, 11, 
12, 13, 14, 15, 16, 
21, 22, 23, 24, 25, 
31, 32, 33, 34, 35, 
41, 42, 43, 44, 45 
53, 61, 63, 71, 72, 
73, 82, 83, 84, 93, 
94 
8, 9, 10, 17, 18, 19, 
20, 26, 27, 28, 29, 
30, 36, 37, 38, 39, 
40, 46, 47, 48, 49, 
50, 54, 55, 56, 57, 
58, 59, 60, 64, 65, 
66, 67, 68, 69, 70, 
74, 75, 76, 77, 78, 
79, 80, 81, 85, 86 
87, 88, 89, 90, 91, 
92, 95, 96, 97, 98, 
99, 100 
Originally in  
Group 1 
 62  
Originally in  
Group 2 
7, 51, 52   
                                             Grid B 
 Group 1 Group 2 Group 3 
n = 39 27 34 
Grouped as per 
original 
observations 
1, 2, 3, 4, 7, 9, 11, 
12, 13, 14, 17, 22, 
26, 28, 31, 33, 35, 
36, 43, 44, 46, 47, 
49, 53, 54, 55, 56, 
57, 58, 65, 67, 69,  
5, 6, 8, 10, 15, 16, 
18, 19, 20, 21, 23, 
24, 25, 27, 29, 30, 
32, 34, 37, 38, 39, 
40, 45, 59, 66, 68 
42, 50, 60, 62, 70, 
71, 72, 73, 74, 75, 
76, 77, 79, 81, 82, 
83, 84, 85, 86, 87, 
88, 89, 90, 91, 92, 
93, 95, 96, 97, 98, 
99, 100 
Originally in  
Group 1 
  48, 78 
Originally in  
Group 2 
52, 63 64  
Originally in  
Group 3 
41, 51, 61, 80, 94   
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Fig. 4.9   Spatial arrangement of floristic groups on Grid A
Group 1  (uninfected)
Group 2  (recently infected)
Group 3  (long-term infected)
Site Numbers
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Fig. 4.10  Spatial arrangement of floristic groups on Grid B
Site Numbers
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gunni, Epacris impressa and Hibbertia stricta. Overall the species composition of 
these two groups appeared quite similar. 
 
Group 2 (recently infected) on Grid A showed differences from the other two 
floristic groups on that grid, and appeared to be intermediate between Groups 
1 and 2. Hovea linearis and some other susceptible species were not present in 
group 2, while other species are much more common such as Pultenea 
pedunculata, Acacia paradoxa, and grasses such as Poa spp.  
 
Group 3 (long-term infected) on Grid B was characterized by fewer plant 
species overall than the other two groups, and a higher prevalence of some 
species such as Acacia pycnantha, Opercularia varia, and an introduced grass 
species, Vulpia bromoides. On Grid A the third group was characterized by the 
absence of species such as Kunzea ericoides, Banksia marginata, X. australis, and 
Epacris impressa, while other plant species are more prevalent such as 
Platylobium obtusangulum, Laxmania orientalis, Gahnia radula, Senecio tenuiflorus 
and Vulpia bromoides. A number of species were ubiquitous in all groups, 
including Gononcarpus tetragynus, Dianella revoluta, Poa spp. and Eucalyptus spp. 
such as E. dives. Both bare ground and litter had higher degrees of cover at 
these infected sites, however these factors were present in almost all quadrats 
in all infection classes on both grids. The presence of these factors alone 
therefore did not delineate infection status.  
 
Linear Discriminant Function Analysis (also known as Canonical Variate 
Analysis - CVA) was used to verify the results of Cluster Analysis, and to 
determine the plant species which were integral in producing these major ‘flor-
groups’. The results of CVA analysis for Grid A are shown in Fig. 4.11, and 
demonstrates the independent grouping of trap sites based on the quadrat 
floristics, in accordance with the general levels of infection with P. cinnamomi. 
There is no noticeable overlap between any of the three groups. Only one trap 
site was not placed into any of the groups on each grid (Fig. 4.11), and 97.0 % of 
all plant species were correctly placed into their predicted groups (Appendix 
3). The strength of the two functional axes derived from the CVA analysis 
demonstrate that Function 1 is considerably stronger than Function 2, and 
accounts for 72.6% of the total variance (Appendix 3). The plant species 
identified as being important in the production of these functional axes are 
shown in Table 4.5,  
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Fig. 4.11      Results of Canonical Discriminant Function analysis of  
                     trapping sites based on plant species important in each  
                     floristic group on Grid A.
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Table 4.5 Pooled within-groups correlations between discriminating  
    variables for Grid A.  
   * largest correlation between variable and discriminant function. 
    (Variables ordered by size of correlation within function; d.f = 71) 
 
Species  Function 1 Function 2 Significance 
    
Xanthorrea australis (live) 0.41364 * 0.05833 F=177.31 
p<0.0001 
Hibbertia stricta 0.27176 * -0.13539 F=83.09 
p<0.0001 
Epacris impressa 0.19608 * -0.09516 F= 43.00 
p<0.0001 
Dillwynia sericea 0.19037 * -0.10820 F= 41.82 
p<0.0001 
Laxmania orientalis -0.14588 * -0.11152 F=26.72 
p<0.0001 
Kunzea ericoides 0.10957 * -0.05096 F=13.36 
p<0.0001 
Banksia marginata 0.09963 * -0.04634 F=11.04 
p<0.0001 
Eucalyptus obliqua 0.09621 * -0.04900 F=10.45 
p<0.0001 
Litter  -0.09025 * 0.05242 F=9.45 
p=0.0002 
Senecio tenviflorus -0.08648 * 0.1500 F=7.78 
p=0.0007 
Leptospermum continentale 0.08542 * -0.04789 F=8.40 
p=0.0004 
    
Pultanea pedunculata 0.00219 0.47130 * F=86.29 
p<0.0001 
Acacia acinaceae -0.01191 0.20455 * F=16.40 
p<0.0001 
Xanthorrhoea australis (dead) -0.12309 0.17558 * F=27.56 
p<0.0001 
Eucalyptus seedling -0.03997 0.13124 * F=8.34 
p=0.0005 
Acacia paradoxa -0.06140 0.13038 * F=10.48 
p=0.0001 
Vulpia bromoides -0.05293 0.11474 * F=8.00 
p=0.0006 
Moss 0.04244 -0.08572 * F=4.7 
p=0.011 
Platylobium obtusangulum -0.05754 -0.08277 * F=6.07 
p=0.0033 
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with indications of the significance for plant species related to the  functional 
axes.  
 
A similar situation is apparent for Grid B where Function 1 is the primary 
functional axis (Fig. 4.12) contributing most of the variation (Appendix 4). All 
three ‘flor-groups’ as identified in Cluster Analysis were distinctly separated 
with no overlap between the groups (Appendix 4). The results for Grid B show 
similar trends to those from Grid A with a 100% success rate of CVA analysis in 
predicting the composition of floristics groups proposed by Cluster Analysis 
(Appendix 4).  
 
The plant species which were found to be most important in CVA analysis for 
Grid B (Table 4.6) were similar to those detected for Grid A (Table 4.5, eg. X. 
australis and many heath species), but also included several other species not 
considered important on Grid A, such as Hovea linearis, Helichrysum spp., and 
tree species such as Eucalytpus sideroxylon (ironbark) and E. viminalis. This result 
indicates that the plant communities may not be identical between the two grid 
sites. 
 
The relative contributions of each plant life-form with each floristic group are 
shown in Fig. 4.13, and demonstrates the differences in response of the different 
plant forms to P. cinnamomi (NB. cover of X. australis is shown with a different 
scale). The results of statistical analyses (ANOVA, Tukey’s HSD post-hoc test) 
of these cover values are shown in Table 4.7 for both grids. These results 
demonstrate a significant effect of the pathogen on X. australis, low shrubs and 
tall shrubs, though the response for the latter group was different on each grid. 
Other plant life-forms were differentially affected by P. cinnamomi on the two 
grids. 
 
  4.4.3 Vegetation Structure 
 
The mean values of the number of contacts with the ranging pole for each 
quadrat were calculated and used as a relative measure of structural density at 
each structural level up to 1.8 m above ground level (9 intervals) for each trap 
site on both grids. An index of vertical diversity for each quadrat was also 
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Fig. 4.12      Results of Canonical Discriminant Function analysis of   
                     trapping  sites based on plant species important in each  
                     floristic group on Grid B.
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Table 4.6 Pooled within-groups correlations between discriminating  
  variables for Grid B.  
  * largest correlation between variable and discriminant function. 
   (Variables ordered by size of correlation within function; d.f = 65) 
 
Species  Function 1 Function 2 Significance 
    
Xanthorrhoea australis (live) -0.30867 * 0.05780 F=60.682 
p<0.0001 
Opercularia varia 0.23335 * -0.07604 F=35.678 
p<0.0001 
Epacris impressa -0.19156 * 0.02687 F=23.227 
p<0.0001 
Acacia pycnantha 0.19148 * -0.06011 F=23.950 
p<0.0001 
Hovea linearis -0.16703 * -0.06442 F=18.59 
p<0.0001 
Pultenea gunni -0.15210 * 0.01226 F=14.563 
p<0.0001 
Xanthorrhoea australis (dead) 0.13490 * -0.04633 F=11.978 
p<0.0001 
Laxmania orientalis 0.13070 * 0.04115 F=11.161 
p<0.0001 
Acrotriche serrulata -0.12185 * -0.03042 F=9.559 
p=0.0002 
Eucalytpus viminalis 0.10317 * -0.00306 F=6.686 
p=0.0019 
Helichrysum  spp. -0.09929 * -0.02622 F=6.355 
p=0.0025 
Eucalyptus sideroxylon 0.09165 * -0.01160 F=5.308 
p=0.0065 
    
    
Eucalyptus obliqua -0.10618 -0.39534 * F=47.323 
p<0.0001 
Gompholobium hugleii -0.07065 -0.13039 * F=7.51 
p=0.0009 
Eucalytpus polyanthemos -0.01191 0.10872 * F=3.133 
p=0.0480 
Gahnia radula -0.02618 -0.10808 * F=3.438 
p=0.036 
Hypericum gramineum -0.05577 -0.10293 * F=4.68 
p=0.0115 
Eucalyptus macrorhyncha -0.02560 0.10161 * F=3.070 
p=0.0510 
Dillwynia sericea -0.05448 0.10082 * F=4.481 
p=0.0138 
Eucalyptus dives 0.03202 0.09821 * F=3.128 
p=0.0483 
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Table 4.7 Results of ANOVA tests comparing mean vegetative cover 
between the 3 floristic groups within the plant life-form 
categories. (d.f. = 97 in each case) 
 #   significant difference between floristic groups 1 and 3  
 *  significant difference between floristic groups 1 and 2,  
 &  significant difference between floristic groups 2 and 3,  
 n.s.  not significant. 
 
 
 
Life-form Group Grid A Grid B 
X. australis  F = 177.31  # * & 
p< 0.0001 
F = 21.29  # & 
p< 0.0001 
Grass/Sedge F = 10.44  # 
p< 0.0001 
n.s. 
Herbs/Forbs n.s. F = 4.89  # 
p = 0.0095 
Low Shrubs F = 21.25  # *  
p< 0.0001 
F = 16.31  # * 
p< 0.0001 
Tall Shrubs F = 12.69  # *  
p< 0.0001 
F = 11.78  # & 
p< 0.0001 
Trees F = 3.556 * 
p = 0.032 
n.s. 
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calculated using the Shannon-Weiner index. Statistical comparisons (ANOVA, 
Tukey’s HSD) on the overall vertical indices showed significant differences 
between the three floristic groups on Grid A (F= 11.499, p< 0.0001, sig. diffs. 
group 1 vs 2, 1 vs 3). Similar results were determined for Grid B (F= 3.256, p= 
0.0428, sig. diffs, group 1 vs 3, 2 vs 3).  
 
Two dimensional plots from MDS and CVA techniques failed to indicate 
obvious groupings of sites based on vegetation structure alone. Correlation 
coefficients determined between the groups clustered independently on the 
basis of vegetation structure and floristics were also found to be poor. For this 
reason it was considered most efficacious to use the groups determined from 
the floristic data alone (‘flor-groups’) as the descriptor of site groupings.  
 
Statistical comparisons between the mean values for each structural level were 
also determined (ANOVA, Tukey’s HSD), and demonstrated significant 
differences within each structural level except for the upper two levels (140-160 
cm, 160-180 cm) on Grid A (Table 4.8). Similar comparisons for the data from 
Grid B (Table 4.9) showed significant differences in only the first three 
structural levels. In all cases where Tukey’s HSD test detected a significant 
difference between the groups, a greater mean volume of vegetation was 
present at sites uninfected by P. cinnamomi, ie., Group 1 on Grid A, and Groups 
2 and 1 on Grid B. Overall, these results reflect the different floristic 
composition on each grid.  
 
A variety of ordination techniques were used in the analysis of this structural 
data including Linear Discriminant Function (CVA) analysis, Non-metric 
multidimensional scaling (MDS) and Cluster Analysis. The results of CVA 
analysis demonstrated several groups with a high degree of overlap of the data 
from both grids, however based around only a single functional axis. For this 
reason the results of this analysis were considered of little use in grouping sites 
on the basis of the structure, or as an independent variable in later statistical 
analyses. Likewise the results of MDS produced results which were variable, 
and produced outputs that contained low r2 and high stress values (Clarke 
1993) which seriously reduced their validity, and did not appear to concur with 
either the investigator’s observations or the results of floristic analyses. Cluster 
Analysis of the trapping sites on both grids was attempted with a variety of 
association analyses prior to the production of a dendrogram using Ward’s  
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Table 4.8 Mean volume of vegetation (± s.e.) at structural levels on Grid A 
       (d.f = 97)   
  * = sig. difference (Tukey’s test) Group 1 vs 2 
  # = sig. difference (Tukey’s test) Group 1 vs 3 
 
Structural 
Level 
Group 1 
(uninfected) 
Group 2 
(recently 
infected) 
Group 3 
(long-term  
infected) 
ANOVA 
result 
0-20 2.772 *# 1.576 * 1.78 # F=9.791 
 ± 0.186 ± 0.248 ± 0.154 p=0.0001 
20-40 1.689 *# 0.379 * 0.811 # F=9.393 
 ± 0.218 ± 0.174 ± 0.151 p=0.0002 
40-60 1.522 *# 0.212 * 0.588 # F=10.109 
 ± 0.245 ± 0.142 ± 0.13 p=0.0001 
60-80 1.3667 *# 0.197 * 0.472 # F=9.078 
 ± 0.255 ± 0.105 ± 0.114 p=0.0002 
80-100 1.06 *# 0.106 * 0.359 # F=9.976 
 ± 0.191 ± 0.06 ± 0.099 p=0.0001 
100-120 0.606 *# 0.076 * 0.206 # F=6.515 
 ± 0.141 ± 0.047 ± 0.062 p=0.0022 
120-140 0.35 *# 0.046 * 0.09# F=2.819 
 ± 0.154 ± 0.033 ± 0.033 p=0.065 
140-160 0.145 0 0.042 F=2.227 
 ± 0.069 ± 0 ± 0.02 p=0.1133 
160-180 0.067 0.015 0.009 F=1.617 
 ± 0.047 ± 0.015 ± 0.005 p=0.2037 
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Table 4.9 Mean volume of vegetation (± s.e.) at structural levels on Grid B 
        (d.f = 97)  
  # = sig. difference (Tukey’s test) Group 1 vs 3 
  @ = sig. difference (Tukey’s test) Group 2 vs 3 
 
Structural 
Level 
Group 1 
(uninfected) 
Group 2 
(uninfected) 
Group 3 
(infected) 
ANOVA 
results 
0-20 2.492 # 2.647 @ 1.933 #@ F=4.701 
 ± 0.160 ± 0.204 ± 0.159 p=0.011 
20-40 1.222 # 1.474 @ 0.638 #@ F=5.172 
 ± 0.171 ± 0.259 ± 0.140 p=0.007 
40-60 1.115 1.417@ 0.610@ F=4.652 
 ± 0.176 ± 0.253 ± 0.164 p=0.012 
60-80 0.902 1.231 .0591 F=2.543 
 ± 0.165 ± 0.255 ± 0.147 p=0.084 
80-100 0.735 0.808 0.495 F=1.114 
 ± 0.162 ± 0.198 ± 0.141 p=0.333 
100-120 0.474 0.250 0.267 F=1.583 
 ± 0.124 ± 0.090 ± 0.094 p=0.211 
120-140 0.227 0.103 0.124 F=1.458 
 ± 0.064 ± 0.042 ± 0.046 p=0.238 
140-160 0.124 0.045 0.081 F=0.706 
 ± 0.053 ± 0.017 ± 0.034 p=0.496 
160-180 0.068 0.006 0 F=2.297 
 ± 0.041 ± 0.006 ± 0 p=0.106 
 
  42 
clustering method. Different groupings of sites were recorded from 
dendrograms in each case. For these reasons the assignment of groupings for 
use as the independent variable in later statistical analyses was based solely on 
the floristics at the trapping sites on both grids. 
 
Principal Components Analysis was used in the analysis of structural data to 
reduce the number of structural variables (9) to a lower number which may be  
useful in multivariate analyses of the habitat preferences of A. stuartii, and in 
assessing the effects of P. cinnamomi upon vegetative structure. A similar 
relationship was detected on both grids where two factors only were derived 
(Table 4.10), and Factor 1 in both cases corresponds to the lower vegetation 
levels (0-20, 20 -40, 40 -60, 60 -80, 80-100, 100-120 cm levels on Grid A; 0-20, 20-
40, 40-60, 60-80, 80-100, 100-120, 120-140 cm levels on Grid B), while Factor 2 in 
both cases comprised the upper levels (120-140, 140-160, 160-180 cm levels on 
Grid A, 140-160, 160-180 cm levels on Grid B). Matrices displaying correlations 
of similarity between the various structural levels on both grids are shown in 
Appendix 5.  
 
 
Table 4.10 Results of Principal Components Analysis of structural properties 
of vegetation on Grid A and Grid B.  
 
Structural Grid A Grid B 
Level Factor 1  Factor 2  Factor 1 Factor 2 
0 - 20 cm 0.7391 -0.2601 0.6697 -0.4036 
20 - 40 cm 0.8138 -0.4618 0.8081 -0.4645 
40 - 60 cm 0.8616 -0.4324 0.8679 -0.4167 
60 - 80 cm 0.9278 -0.2161 0.9308 -0.2313 
80 - 100 cm 0.9159 -0.2257 0.9501 -0.0865 
100 - 120 cm 0.9087 0.1928 0.8756 0.2853 
120 - 140 cm 0.7001 0.6006 0.6851 0.528 
140 - 160 cm 0.6801 0.6856 0.457 0.7781 
160 - 180 cm 0.5148 0.5554 0.4532 0.745 
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  4.4.4 Projective Foliage Cover and Habitat Quality 
 
There were weak significant differences (d.f.= 198, F= 3.357, p= 0.0389) in the 
projective foliage cover of the dominant Eucalytpus spp. at trap sites on Grid A 
grouped on their floristics, however no group had significantly greater or lesser 
cover than any other group (Tukey’s HSD test) (Fig. 4.14). No significant 
differences in projective foliage cover were detected on Grid B for any of the 
different floristic groups.  
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Fig. 4.14    Mean Projective Foliage Cover Index (± s.e.) on  
                   Grids A and B.  Results show number of ‘hits’ of 
                   living canopy vegetation of a possible total of 15.
Grid A
Grid B
 
 
The results of the analysis of the dominant Eucalytpus  spp. present within each 
floristic group on both grids is shown in Table 4.11. Only E. viminalis and E. 
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macrorhyncha were sufficiently common and widely distributed over each grid 
to attain normal distributions necessary for ANOVA and Tukey’s HSD post-
hoc comparisons. All other analyses were performed using Kruskal-Wallis 
tests. These results demonstrate that on Grid A E. obliqua is the dominant tree 
species in the Floristic group 1 (uninfected), while other species such as E. 
macrorhyncha and E. aromaphloia appear to be more prevalent in the infected 
groups 2 and 3. On Grid B E. aromaphloia  is also dominant in the infected group 
(3), while the uninfected groups appear divergent in the number of dominant 
tree species present. Floristic Group 1 appears to contain a wider range of tree 
species than Group 2, however there was no significant difference in the mean 
number of trees present between the two groups.  
 
There were significantly more trees of a suitable quality as habitat trees (ie > 15 
mm  in diameter) on Grid A than Grid B (d.f. = 198, F = 18.724, p< 0.0001), and 
these trees were larger in diameter (d.f.= 198, F= 8.254, p= 0.0045) and taller by 
approximately 1 metre (d.f.= 198, F= 131.713, p< 0.0001) than those on Grid B. 
These trees also contained more hollows (d.f.= 198, F= 13.683, p= 0.0003), and 
therefore present potentially better quality habitat (Lindenmayer et al. 1990a, 
1991) for a scansorial mammal such as A. stuartii.  
 
4.5 Discussion 
 4.5.1 Distribution of Phytophthora cinnamomi  
 
The intention of this investigation was to assess changes to the vegetation due 
to the presence of P. cinnamomi at two independent sites. The alterations to 
these sites due to the pathogen were of interest not only from the point of view 
of botanical changes, but also since these areas provided habitat for small 
mammal communities dominated by A. stuartii.  
 
Previous studies on the distribution of P. cinnamomi in the Brisbane Ranges 
have shown that the pathogen can move rapidly through susceptible vegetation 
at up to 400 m/yr downhill, and 6.6 m/yr uphill on a slope of 40 (Weste et al. 
1976), concomitant with rapid increases in the proportion of bare ground from 
30 to 90% per annum on moderate slopes (Weste et al. 1976). Over the four year 
course of this trapping study the disease ‘front’ did not move appreciably either 
up or down hill, despite the possibility of movement in either direction. The 
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two surveys of the vegetation were implemented to assess the rate of disease 
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extension, and the effects of the pathogen on the floristic and structure of the 
vegetation. These comparisons were not possible due to the slow movement of 
the disease front, and comparisons were made between areas with relatively 
static movement of P. cinnamomi. 
 
The stability in the disease is associated with low pathogen levels as shown in 
the results of cotyledon baiting. High pathogen levels appear to be necessary 
for maintaining local population levels of P. cinnamomi (Weste 1986), and fresh 
inoculum is required for rapid movement of the disease up or downhill (Weste 
and Ruppin 1975). The stability of the disease may also be due to soils which 
suppress the spread of P. cinnamomi (Weste et al. 1976). However, this was 
considered unlikely, given the shallow, gravelly nature of the soils at both sites. 
Considering that soil samples were taken at times most conducive to pathogen 
growth, the other possibility arises that the cotyledon baiting technique may 
not be as sensitive as reported (Zentmyer 1980). This is likely considering the 
repeated sampling (up to 13 attempts) occasionally necessary to obtain positive 
results from soils known to be infected by the pathogen (I. Smith, pers. comm. 
1992). It is hoped that this situation may change in the near future with the 
development of more sensitive immunologically-based detection kits for P. 
cinnamomi (A. Hardham, pers. comm.). 
 
 4.5.2 Vegetation - Floristics 
 
Trapping sites on each grid were initially assigned into several classes on the 
basis of infection with P. cinnamomi. These included an uninfected group (a), 
sites displaying early signs of infection (b), and sites displaying signs of long-
term infection with the pathogen (c). Several ordination techniques were used 
to regroup and verify these site groupings. The results of MDS analysis for both 
grids based on the floristics demonstrated a separation of ‘uninfected’ and 
‘infected’ sites. These results detect differences in the floristic composition of 
sites on each grid that closely reflect the researcher’s observations of the degree 
of infection with P. cinnamomi. Both MDS outputs demonstrated high stress 
levels which may make interpretation difficult, however, this is most likely to 
be due to the large sample size (100) in both cases (Clarke 1993). The need to 
use more than one ordination technique (James and McCulloch 1990), coupled 
with the concern over the stress levels associated with MDS analyses, led to the 
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use of several methods (Field et al. 1982). Both cluster and MDS analyses were 
therefore used to independently group sites on both grids.  
 
Clustering techniques identified 3 major groupings of sites based on floristics, 
corresponding well with the original site groupings for each grid (Table 4.3). 
These results suggest that a visual classification of ‘infection’ groups may be 
adequate at the sites surveyed in this investigation. CVA analysis confirmed the 
clustering of these groups (Figs. 4.11 & 4.12) with very high membership of the 
predicted floristic groupings (Appendices 3 & 4). On Grid A, Group 1 was 
deemed to be uninfected, whilst Groups 2 and 3 were composed of recently and 
long-term infected sites respectively. On Grid B, Groups 1 and 2 contained 
uninfected sites while Group 3 consisted of sites infected with P. cinnamomi. 
Sites on Grid B that were reclassified were generally found along the disease 
front (eg. 52, 63, 64, 78 and 94). The initial visual classification system was 
unable to differentiate between groups 1 and 2 on Grid B. 
 
Important plant species were identified by two mechanisms. Two-way tables 
show that many of the heath species such as Hibbertia stricta and Banksia 
marginata, and the grasstree, X. australis were important in the clustering 
process on both grids. Other species such as sedges (Gahnia radula) and lillies 
(Laxmania orientalis, Dianella revoluta) were also important in grouping quadrats. 
These results concur well with previous investigations in the Brisbane Ranges, 
and many of these species and others shown in Tables 4.3 and 4.4, have 
previously been recognized as being involved in the changing floristic and 
structural response to P. cinnamomi (Weste 1986).  
 
CVA analysis for Grid A (Table 4.5) showed that X. australis provided the 
strongest input into the linear equation (ie. very high F ratio), along with 
various Myrtaceous shrubs such as Kunzea ericoides and Leptospermum 
continentale, and heath species such as Hibbertia stricta, Epacris impressa, 
Dillwynia sericea, Pultanea pedunculata, and Banksia marginata. On Grid B (Table 
4.6) X. australis was similarly important along with some heath species, 
however some smaller species such as Opercularia varia and Gompholobium 
heugleii played a dominant role in the CVA functions. These results therefore 
concur well with those of the two-way table analysis for both grids (Tables 4.3 
& 4.4). This is not surprising since the same data set was used in both cases, but 
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it does confirm that the clustering technique has provided a reasonable basis for 
organizing the floristic data sets. 
 
Many of the above plant species have previously been identified as being 
significantly affected by P. cinnamomi (Podger and Ashton 1970; Weste 1986). 
Therefore the results of CVA demonstrated that the functional axes may reflect 
the susceptibility of plant species to P. cinnamomi. On Grid A (Table 4.5) axis 1 
contains highly significant correlations with susceptible plant species, while 
functional axis 2 contains positive correlations with more resistant species. This 
arrangement appears quite different on Grid B (Table 4.6), with negative 
correlations of susceptible species and positive correlations with resistant 
species on axis 1. Therefore this positive pole of this axis reflects the presence of 
the pathogen. Axis 2 on Grid B contains a variety of resistant (eg. G. radula) and 
susceptible (eg. D. sericea) plant species. The end result of this for Grid B as 
shown in Fig. 4.12, is that the two uninfected groups (1 & 2) lie closely together 
on the negative side of axis 1, but are separated by the presence/absence of 
species such as E. obliqua, E. polyanthemos, E. macrorhyncha, G. heugleii, G. radula, 
D. sericea, and H. gramineum  (see Table 4.4). Therefore there appeared to be two 
distinct floristic communities within the uninfected zone of Grid B, which were 
not immediately identifiable to the observer. 
 
These results also suggest that despite the short distance between the two grids 
(~ 1 km) they contain slightly different floristic communities, and respond to 
the pathogen in similar functional ways, with the loss of the susceptible plant 
species. The use of several ordination techniques has allowed the differentiation 
of the response of the plant communities to P. cinnamomi, and provided 
consistent groupings (‘flor-groups’) from an objective basis which are 
important in later statistical analysis of the A. stuartii captures and habitat 
variables. 
 
Differences between floristic groups in the cover of plants within life-form 
groupings demonstrated some similarities and some differences between the 
two trapping grids (Fig. 4.13). Grasses and sedges were present in high levels 
on Grid B in all floristic groups, while on Grid A the overall cover was much 
lower, and significantly higher in the infected floristic group. This effect of 
increasing cover of ‘field resistant’ grasses and sedges following infection by P. 
cinnamomi has been noted previously (Phillips and Weste 1984; Weste 1986), 
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though over 1000 native plant species have been identified as being infected by 
the pathogen (Weste and Marks 1987). Herbaceous species appeared to be 
unaffected by the pathogen on both grids, while low shrubs were found to have 
significantly less cover in infected areas on both grids. This life-form grouping 
contained heath and Proteaceous species, many of which are highly susceptible 
to P. cinnamomi (Podger and Ashton, 1970; Weste, 1986). Tall shrubs were 
affected differently on both grids, however, the species composition of this life-
form on both grids is essentially identical, consisting of Acacia mearnsii, A. 
pycnantha, Kunzea ericoides and Leptospermum lanigerum. This differential 
response is difficult to explain but most probably relates to the different floristic 
composition of the grids, as detailed above. 
 
The cover levels of trees within quadrats only showed significant differences on 
Grid A in floristic group 2. More detailed investigations of Projective Foliage 
Cover across the whole trap site (Fig 4.13), rather than from quadrats showed 
effectively no difference in cover within the three floristic groups on both grids. 
The floristics of the dominant tree species (Table 4.11) shows that E. obliqua is 
more prevalent at uninfected sites on Grid A, while infected sites contain 
proportionally more E. macrorhyncha and E. aromaphloia. E. aromaphloia is more 
common in diseased areas on Grid B, however it is unlikely that this species has 
proliferated in response to P. cinnamomi, considering the duration of exposure 
to the pathogen (~ 20 yrs), and the size of trees present. The distribution of 
Eucalyptus spp. is more likely to reflect edaphic differences on the sites. These 
differences in soil structure and fertility may also have a bearing on the spread 
of the pathogen through the soil (Broadbent and Baker 1974b, 1975; Weste et al. 
1976), and the population levels of other micro-organisms which may 
antagonize P. cinnamomi (Keast and Tonkin 1983; Weste and Vithanage 1977).  
 
The observation of higher cover of E. macrorhyncha in infected areas is 
interesting as this species has previously been suggested to be moderately 
susceptible to the pathogen (Weste and Taylor 1971; Weste et al. 1973), though 
edaphic factors again may be relevant here. These results are essentially in 
contrast to previous studies in the Brisbane Ranges where significant decreases 
in tree numbers were noted, with increases in tree numbers on uninfected sites 
over a ten year period (Weste 1986), and in the loss of canopy cover afforded by 
trees in the Grampians, Victoria (Kennedy and Weste 1986). This may relate to 
previously more aggressive local effect of the pathogen. 
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The cover of X. australis within quadrats between floristic groups varied 
considerably, and was consistent with this species’ susceptibility to P. 
cinnamomi (Fig. 4.13) (Podger and Ashton 1970; Weste 1986; Weste and Taylor 
1971). Sites that had been infected with P. cinnamomi on a long-term basis 
(groups 3 - Grid A and B) demonstrated low levels of cover, while uninfected 
sites (group 1 - Grid A, groups 1 and 2 - Grid B) showed very high levels of 
cover of X. australis. The cover levels far exceed the pooled cover values for 
species in the other lifeforms confirming that X. australis is the dominant 
understorey species on both grids.  
 
Xanthorrhoea spp. are known to provide food and nesting resources for many 
birds, insects and small mammals (Angus 1992; Brooker and Rowley 1991). 
Susceptibility to P. cinnamomi within the genus does vary (Weste and Marks 
1987), however, X. australis is known to succumb to P. cinnamomi very rapidly 
(Weste 1981). Field-resistant plant species (eg. various Graminoid species) may 
become infected with P. cinnamomi yet continue to grow (Phillips and Weste 
1984). These species can then act as reservoirs for later re-inoculation of the site, 
though this is likely to be a very site-specific event (Weste and Ruppin 1977; 
Weste and Vithanage 1977). The slow growth rate of X. australis (Gill and 
Ingwersen 1976), coupled with this persistence of the pathogen in soil beyond 
the initial infection stage, suggests that the likelihood of regeneration of X. 
australis, and other highly susceptible species at infected sites will be very slow 
(Burdon 1991). Germination and growth of X. australis has been reported 
approximately 20 years post-infection, however regeneration of this plant 
species was at an early stage (Dawson et al. 1985). Deposits of leaf bases and 
dead leaves of X. australis necessary for nesting by bird species (Brooker and 
Rowley 1991) also accumulate slowly. Ten kilograms of this material may take 
between 20 to 40 years to accumulate depending on the level of shading of the 
plant (Gill and Ingwersen 1976). The prognosis for recovery of X. australis to the 
former levels of cover and abundance necessary to support local fauna is 
therefore considered to be long term and unlikely (Burdon 1991). 
 
 4.5.3 Vegetation - Structure 
 
Differences in the overall density of vegetation between the three floristic 
groups on both grids were noted using the Shannon-Weiner Index. On Grid A 
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there were significant differences between Groups 1 and 2, and 2 and 3, and on 
Grid B between Groups 1 and 3, and 2 and 3. Lower densities of vegetation 
were always present in the areas considered to be infected by P. cinnamomi. On 
Grid A all structural levels were lower in groups 2 and 3 up to 140 cm above 
ground level, while on Grid B differences between the floristic groups were 
only apparent at the 3 lowest levels. The difference in structural density 
between floristics groups on both grids is likely to be due to various heath 
species, but particularly the loss of X. australis, which contributes up to 75% of 
the ground cover in the Brisbane Ranges (Weste and Taylor 1971; Kennedy and 
Weste 1986). On Grid B the number of shrubby species tolerant of P. cinnamomi 
was higher, and structural differences in the upper levels were not apparent. 
These species include Acacia pycnantha, Pultenea gunnii, and Gompholobium 
hugleii, which are all important plant species in the ordination of floristic 
groups on Grid B (Table 4.6).  
 
Overall the density of vegetation on Grid B was probably higher, as evidenced 
by the plant cover in most life-form classes being higher than Grid A (Fig. 4.13). 
With 75% of plant species in the Brisbane Ranges being susceptible to the 
pathogen (Weste 1986), it is surprising that greater differences were not evident 
on Grid B, however, this may be due to the number of quadrats sampled, the 
composition of the floristic groups, or the ‘pooling’ effect in examining plants in 
life-form groups. Overall these results concur with similar findings on the 
alteration of vegetative structure in plant communities in the Brisbane Ranges 
(Weste 1986), Wilson’s Promontory (Weste 1981), and the Grampians, Victoria 
(Kennedy and Weste 1986). 
 
 4.5.4 Projective Foliage Cover and Habitat Quality 
 
The Projective Foliage Cover (PFC) of Eucalyptus spp. on Grid A demonstrated 
some differences between sites based on floristic groups (no single group 
different from the other), while no differences were noted on Grid B. Other 
studies on the same species have noted differences in mean height in different 
infection states (E. obliqua, Weste 1980) and tree density (E. baxteri, Weste 1981). 
Both E. macrorhyncha and E. sideroxylon have been suggested to be moderately 
susceptible to P. cinnamomi at the Brisbane Ranges (Weste and Taylor 1971). 
However, in this study E. macrorhyncha was more common in infected areas on 
Grid A, and E. sideroxylon was found at higher densities at infected sites on both 
grids. Trees were also found to be significantly larger in diameter and height 
within infected floristic groups. This may be an artefact of sampling, differences 
  53 
in soil depth, management history, or due to the longer-term recovery of tree 
species from the effects of the pathogen, as previously predicted by Weste 
(1986). While this prediction covered the Eucalyptus spp., the prognosis for the 
understorey cover was not as satisfactory (Weste 1986).  
 
The higher number of potential habitat trees with hollows in infected areas may 
mean that these areas represent better nesting prospects for A. stuartii than 
areas uninfected by P. cinnamomi. This result should be treated with caution 
since not all hollows were visible from the ground, and A. stuartii is known to 
prefer the use of smaller nest entrances (Lindenmayer et al. 1991). Antechinus 
stuartii is also known to travel considerable distance between nest sites, and 
from nest sites to foraging grounds (Cockburn and Lazenby-Cohen 1992; 
Lazenby-Cohen and Cockburn 1991), and therefore may not be limited to using 
nest sites in the immediate area. The study sites also supported populations of 
other arboreal mammals (Petaurus breviceps, Pseudocheirus peregrinus & 
Phascogale tapoatofa) and birds (owls, White-winged choughs) which may 
compete for, or cohabit in nest sites (Lindenmayer et al. 1991). Since nest site 
and habitat utilization of A. stuartii can both alter with time (Cockburn and 
Lazenby-Cohen 1992), and the animals can move widely, it is unlikely that A. 
stuartii is limited in its habitat utilization of uninfected areas by the number of 
available nest sites. 
 
 4.5.5 Conclusion and possibilities for recovery 
 
The results shown here for one major sampling on both grids demonstrate 
significant differences in floristic and structural composition of areas infected 
and uninfected by P. cinnamomi. Enhanced sampling over several 
seasons/years may have potentially revealed stronger relationships between P. 
cinnamomi and the plants present. The prospects for recovery of many of the 
susceptible heath species, and X. australis in particular, still appear low 
approximately 20 years following the initial infection. This may be due to local 
impoverished soils or re-infection of the area from resistant plant species, 
although pathogen levels may decline rapidly following the initial infection 
(Weste and Ruppin 1977).  
 
However, results from this study regarding changes in disease fronts indicate 
that the pathogen appears to be relatively stable, in contrast to previous reports 
on the rate of disease extension (Weste et al. 1976). Uphill movement was not 
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apparent along most disease boundaries over the four year period of this study, 
and only minor changes (~ 1 or 2 metres) occurred at some sites on each grid. 
Therefore while the prognosis for recovery of the vegetation community from 
the effects of P. cinnamomi may not be rapid or positive, it appears that the 
disease is stable and further extension or spread of the disease is likely to be 
slow with current management techniques.  
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Chapter 5 
 
The effects of Phytophthora cinnamomi on 
vertebrate and invertebrate fauna 
 
 
 
 
 
_______________________________________________________________________ 
 
5.1 Introduction 
 
The previous chapter of this thesis detailed the effects of P. cinnamomi upon 
both the structure and floristic composition of vegetation communities in the 
Brisbane Ranges. These results show significant differences in the floristic 
composition of areas infected and uninfected by the pathogen. Plant species 
that were most significantly affected included Xanthorrhoea australis, Hibbertia 
stricta, Dillwynia sericea, Isopogon ceratophyllus, Epacris impressa and Kunzea 
ericoides. The loss of both small, herbaceous species and larger dominant plants 
like X. australis lead to alterations to the structure of the vegetation. The high 
density and volume occupied by individual X. australis plants suggest that this 
species contributes most to the alteration in vegetation structure identified 
(Dawson and Weste 1985). 
 
Floristic and structural components of the vegetation are two major habitat 
constituents that ecologists have consistently used to explain the distribution of 
small mammal populations and communities, and patterns of habitat 
utilization (Barnett et al. 1978; Braithwaite et al. 1978; Braithwaite and Gullan 
1978; Cockburn 1978; DeCapita and Bookhout 1975; Gullan and Robinson 1980; 
Myton 1974; Price 1978; Rozenweig and Winakur 1969). Some small mammal 
species have been identified as highly reliant upon the floristics of their 
immediate habitat (eg. Pseudomys shortridgei; Cockburn 1978), while it has been 
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suggested that others are more dependent upon vegetation structure (eg. Rattus 
fuscipes; Braithwaite et al. 1978). These species may be viewed as two ends of a 
continuum with other species requiring both of these factors to varying degrees 
(eg. Rattus lutreolus - Braithwaite et al. 1978), or not requiring these factors at all 
for survival. 
 
Many studies have reported that Antechinus stuartii was more consistently 
dependent on structural features of the vegetation, rather than the floristics 
(Barnett et al. 1978; Bennett 1993; Gullan and Robinson 1980), or with neither 
vegetation structure nor floristics (Cockburn 1981; Hall and Lee 1982). This 
species has also been considered a habitat generalist (Gullan and Robinson 
1980; Suckling and Heislers 1978) since it inhabits a wide variety of plant 
communities throughout Australia (Statham and Harden 1982a; Stewart 1979; 
Wakefield and Warneke 1963).  
 
The results of Chapter 3 indicate that the native small mammal community in 
the Brisbane Ranges consists primarily of one native small mammal species, A. 
stuartii. The results of that chapter also show that A. stuartii is found at higher 
densities in areas that are uninfected with P. cinnamomi, and that there is a 
significant relationship between the amount of foliage cover of X. australis, and 
the abundance of A. stuartii. This result concurs well with the observation that 
P. cinnamomi is associated with low density and diversity of small mammal 
populations at sites ranging from sand dune, heathland to forest communities 
(Wilson et al. 1990). These findings raise the question of the mechanism by 
which P. cinnamomi may alter the density of A. stuartii. One possible 
explanation may be that the reduction in vegetation cover/structural 
components, particularly from X. australis, leave A. stuartii at higher risk from 
predators (Abrahams and Dill 1989), or with decline in available nest sites. A 
second possibility relates to a lack of food resources, such as insects and other 
invertebrates (Fox and Archer 1984; Hall 1980; Statham 1982a), which may 
themselves be highly dependent on vegetation cover. 
 
The relationship between various ecological perturbations and the species 
diversity and biomass of invertebrates has been investigated in a number of 
studies (Burbidge et al. 1992; Murdoch et al. 1972; Schowalter 1985). 
Invertebrates often respond to the distribution of plants, and thereby provide 
spatial heterogeneity in food resources for vertebrates (Wiens 1985). Fuel-
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reduction burning (Neuman 1991) and wildfires (Neuman and Tolhurst 1991), 
grassland cutting (Morris and Rispin 1987), mining (Majer 1983; Majer 1985) 
and non-Phytophthora dieback (Landsberg et al. 1990) have all been shown to 
alter the abundance and activity of many invertebrate taxa. Generally these 
disturbance events lead to short or long-term declines in the species diversity 
and abundance of invertebrates, except in the case of non-Phytophthora dieback 
where grazing was hypothesized to increase insect abundance (Landsberg et al. 
1990).  
 
The presence of P. cinnamomi has also been shown to deplete both the soil and 
litter invertebrate fauna in the Western Australian Jarrah forests (Nichols and 
Burrows 1985; Postle et al. 1986), most probably due to changes in the 
microclimate and litter. Invertebrate groups that were affected by the pathogen 
included psocopterans, cockroaches and ants. The latter two taxa are 
considered as food resources for A. stuartii and other insectivorous fauna (Hall 
1980; Statham 1982a). This raises the question of whether A. stuartii actively use 
X. australis in foraging for invertebrates. If A. stuartii do use X. australis for 
foraging then it is possible that P. cinnamomi may limit A. stuartii to utilizing 
areas uninfected by P. cinnamomi. 
 
The relative biomass and diversity of invertebrates have been recognized as 
good indicators of ‘environmental health’ of habitats, particularly the species 
diversity of ants (Class Insecta, Order Hymenoptera, Family Formicinae), since 
they are both ubiquitous and abundant, readily sampled, and highly sensitive 
to alteration of environmental variables (Andersen 1990; Burbidge et al. 1992). 
This raises the question as to whether the species diversity of ants is different in 
infected and uninfected areas, and whether detectable difference may allow an 
assessment of the environmental response to P. cinnamomi, as has been noted 
for other disturbance factors, such as fire (Andersen 1990). 
 
5.2 Aims 
 
The overall aim of this chapter was to investigate differences in the abundance 
and habitat utilization of both the vertebrate and invertebrate fauna at selected 
study sites in the Brisbane Ranges. Specific objectives were to: 
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— investigate the habitat utilization of A. stuartii in areas uninfected and 
infected by P. cinnamomi.  
 
— assess whether this utilization of habitat is related to changes in the 
floristic and structural components of the vegetation, and other habitat 
components. 
 
— determine whether the fecundity of A. stuartii differs between individual 
residents of areas infected and uninfected by P. cinnamomi. 
 
— determine whether intraspecific competition between individual A. 
stuartii may play a role in any detectable differences in habitat 
utilization.  
 
— determine the activity and abundance of invertebrates within their 
ordinal taxa in different vegetation communities, or areas differentially 
infected with P. cinnamomi, and to use these results as an index of food 
availability for A. stuartii. 
 
— investigate whether ant species may also reflect the disease states 
inflicted by P. cinnamomi. 
 
5.3 Methods and Materials 
 5.3.1 Small Mammal Trapping 
 
Trapping was performed seasonally on the same study grids used in vegetation 
analyses in the previous chapter (Table 5.1). Details of site selection are 
provided in Section 4.3.1. Trapping grids (10 x 10 = 100 traps) consisted of 
permanent marked sites at 20 metre intervals. Trapping was conducted using 
this stratified random arrangement (Price and Kramer 1984) between 1989 and 
1992 using Elliott Type ‘A’ traps (22 x 11 x 10 cm, Elliott Scientific Instruments). 
During the years 1989 - 1990 traps were set for three consecutive nights and 
increased to 6 consecutive nights. The trapping intensity was increased in 1991 
and 1992, to augment the number of observations available for the 
determination of individual home ranges and habitat utilization.  
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Table 5.1  Dates of trapping conducted on Grids A and B.  
 
Season Date 
Summer 1989 14/2 - 16/2/1989 
Autumn 1989 16/5 - 18/5/1989 
Winter 1989 11/7 - 13/7/1989 
Spring 1989 3/10 - 5/10/1989 
Summer 1990 20/2 - 22/2/1990 
Autumn 1990 15/5/ - 17/5/1990 
Winter 1990 10/7 - 12/7/1990 
Spring 1990 2/10 - 5/10/1990 
Summer 1991 16/2 - 21/2/1991 
Autumn 1991 15/5 - 20/5/1991 
Winter 1991 16/7 - 21/7/1991 
Spring 1991 1/10 - 6/10/1991 
Summer 1992 9/2 - 14/2/1992 
Autumn 1992 19/5 - 23/5/1992 
Winter 1992 14/7 - 19/7/1992 
Spring 1992 20/9 - 25/9/1992 
 
Traps were baited with a mixture of peanut butter, rolled oats and honey and 
were set within a 1 metre radius of the identifying stake. Traps were also 
supplied with nesting material (shredded paper) and covered with a plastic bag 
during the autumn, winter and spring trapping sessions to insulate and 
minimize moisture entering the trap. Animals were retrieved from traps each 
morning and marked by ear-clipping. The body weight, sex, reproductive 
condition and morphometric measurements of the individuals were recorded. 
These measurements included head length, head-body length, tail length, pes 
length and scrotal diameter. Animals previously trapped were recognized 
individually by ear-clippings. Basic records of trap disturbance were kept but 
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were found not to influence the results (captures/100 trap nights) appreciably 
and so were omitted from further consideration. Other techniques of assessing 
small movements were evaluated for use (eg. fluorescent dye marking: 
Mullican 1988) but were found to be inappropriate for this study. 
 
 5.3.2 Analysis of Small Mammal Data 
 
Rates of capture of small mammals were analyzed on a seasonal, yearly and 
gender basis. All results were standardized to captures per 100 trap nights for 
each trapping site, to allow for differences in trapping intensity. The mean 
abundance of A. stuartii for each trapping site was also calculated over the 
complete trapping period. Boxplot analysis was used to assess normality of 
distributions prior to statistical analyses and data was transformed with the 
formula   y = (y + 0.5)  (Zar 1984). Data recorded for individual seasons could 
not be normalized and was analyzed using Kruskal-Wallis non-parametric 
tests. Other comparisons were made using MANOVA techniques with 
Repeated Measure to assess the null hypothesis that A. stuartii utilized each 
trap site (ie floristic group) equally. Tukey’s post-hoc HSD test was used to 
assess which of the ‘flor-groups’ were different from the other with respect to 
abundance of A. stuartii. Simple ANOVA tests were used to compare the 
pooled data within years, and pooled across the years. 
 
The number of A. stuartii known to be alive (K.T.B.A.) on each grid for each 
season was determined using the formula: 
  K.T .B.A .= M i + N i  
where   M i  = the number of captures of A. stuartii at time i, and   Ni = the 
captures of A. stuartii previously captured and marked, and captured in that 
season, or in subsequent seasons (Krebs 1966). Differences in the K.T.B.A. of 
animals between the two grids, between the various floristic groups (Chapter 
4), and between the two sexes were assessed using ANOVA.  
 
Trapping site fidelity by A. stuartii for both sexes on both grids over the four 
year period was assessed using Pearson Correlation Coefficients (SPSS 1992). 
This was performed to identify if males and females continued to use the same 
areas each year, and to assess the degree of spatial overlap of the two sexes. 
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The hypothesis that P. cinnamomi may indirectly alter the fecundity of female A. 
stuartii, and therefore lead to lower population numbers in infected areas was 
tested by comparing the rank values recorded for the number of pouch young a 
female was carrying in the Spring of each year, as well as over the 4 years. The 
mean scrotal width of the male A. stuartii trapped during the Winter session 
just prior to the breeding season was also compared in a similar manner using 
Mann-Whitney U tests. 
 
The hypothesis that intra-specific competition may keep smaller individuals in 
the more depauperate areas infected by P. cinnamomi was tested by comparing 
the mean body weights and mean head-body length of both male and female A. 
stuartii. These were tested seasonally (pooled for the four years), against the 
floristic group in which they were trapped. This was performed by ANOVA 
methods following boxplot analysis. 
 
Assessments of the home range of A. stuartii were made using several different 
techniques. Home ranges were calculated on a minimum of 8 observations 
from trap records, using similar criteria to that of Lazenby-Cohen and 
Cockburn (1991). Minimum Convex Polygons (MCP) and the more robust 
measure of Harmonic Mean (HM) method of Dixon and Chapman (1980) were 
employed. Home range estimates with HM methods were assessed at the 100, 
90, 75 and 50% isoline/isopleth levels, the latter of these isolines sub-methods 
elucidating very conservative measures of home range. These values were 
calculated using Ranges IVm (Kenward 1987), and were used to assess 
differences between sexes in both area utilized and the proportion of home 
range that was free from infection with P. cinnamomi. These tests were 
performed on data from Grid B only since the higher capture rates meant more 
home ranges could be calculated, and because the detailed mapping had 
already been done for Grid B where more intensive telemetric investigations 
were conducted (chapters 6 and 7). The values determined from the 75% 
isopleth were compared using a Mann-Whitney U test to test the null 
hypothesis that there were no significant differences in either the proportion or 
the actual area of home range that occurred in infected and uninfected 
vegetation by either male or female A. stuartii. 
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 5.3.3  Invertebrate abundance 
 
Invertebrate pitfall traps were established in a stratified random arrangement at 
50 sites on each of the grids (Fig. 5.1), and were sampled seasonally from 1990 
to 1992. The traps consisted of a plastic cup (7 cm top diameter, 4.5 cm bottom 
diameter). They were sunk below ground level so that the rim of the cup was 
level with the soil surface (Greenslade 1964). Traps were embedded in the 
ground one week prior to ‘setting’ the trap, so as to diminish the number of 
ants caught (Greenslade 1973). Setting the trap involved placing the 
preservative solution in the cup. A mixture of 70 % ethanol in water with 
glycerol was used initially as the preservative solution during 1990. In 1991 and 
1992 Galt’s solution (Appendix 6) was used to replace ethanol, and thus reduce 
costs (G. Friend, pers. comm.).  
 
Samples were collected from the field after one week and stored in vials 
topped-up with 70% ethanol. Samples from each site were sorted and counted 
into 38 ordinal taxa of invertebrates, and the occasional vertebrates (eg. skinks). 
Several taxa were identified by previous studies on the diet of A. stuartii to be 
important prey items. These included the larger taxa such as the orders 
Blattodea, Orthoptera, Dermaptera, Hemiptera, Coleoptera, Aranae and 
Hymenopterans - Family Formicidae. These were grouped together as ‘macro-
invertebrates’. Other invertebrates which were considered important included 
unidentified larvae. The number of ant genera may also be used as an index of 
health of various trapping sites across both trapping grids (Andersen 1990). The 
remaining groups (‘micro-invertebrates’) were also assessed for differences 
between sites demonstrating different levels of infection with P. cinnamomi. 
Taxa with less than an arbitrary level of 20 specimens recorded over the 3 year 
period were deleted from statistical analyses. 
 
Normality of data sets were explored using boxplot analysis prior to statistical 
comparisons. Data sets in most cases required transformation by the formula 
  y = (y + 0.5)  (Zar 1984). Statistical comparisons were made between 
invertebrate abundances in areas infected and uninfected with P. cinnamomi, 
and between seasons (ie. summers of 1990, 1991 and 1992) to assess the 
variability of invertebrate numbers over the three year period. These 
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Fig. 5.1   Arrangement of trapping sites on Grid A.  
                (Grid B was reverse arrangement)
trapping site with invertebrate trap and quadrat
trapping site with quadrat, but without invertebrate trap
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comparisons were made by One-way ANOVA and MANOVA with Repeated 
Measures techniques (SPSS 1992). Tukey’s HSD post-hoc test was used to 
identify groups within each season and taxa that were significantly different 
from each other. The overall diversity of macro-invertebrates for both grids was 
assessed between floristic groups by comparing the Shannon-Weiner diversity 
indices,   H = − (ρi∑ ln ρi)  (where  ρi  = the number of individuals ρ  in i taxa). 
Data was pooled over the 3 year period of the study prior to comparisons being 
made using ANOVA with Tukey’s post-hoc HSD test.  
 
 5.3.4 Interrelationships between vegetation, invertebrates  
  and Antechinus stuartii  
The inter-relationships between the abundance of A. stuartii present at 
individual trapping sites and other variables measured were assessed. The 
primary aim of these investigations was to determine the major factors 
correlated with the abundance of A. stuartii and macro-invertebrates present at 
trapping sites. Data from the floristic, structural and other habitat analyses of 
quadrat and site data provided the dependent variables used in multivariate 
analyses. Other variables included the reduced number of Principal 
Components for the quadrat structural data, and the 6 major life-forms of plant 
species present on both grids, vertical diversity indices (Shannon-Weiner 
Index), as well as the mean number of trees present, mean tree height, mean 
proportion of trees with nesting hollows, and the number of logs at each 
trapping site. This ‘habitat’ data was available for each trap site on both 
trapping grids, while mean invertebrate numbers in each taxa was only 
available from every second site. 
 
Pearson Correlation Coefficients were calculated (SPSS 1992) to examine the 
relationships between the above habitat variables, and the abundance of males, 
females and total captures of A. stuartii on both trapping grids. While these 
coefficients provided some indication of importance, stepwise multiple 
regression (SPSS 1992) was used to determine the contribution of these factors 
in explaining the appropriate independent variable. Values to enter and exit the 
equation were p= 0.05 and p=0.10 respectively. A similar procedure was used 
to relate invertebrate abundances within taxa and the structural and vegetative 
community parameters. 
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Simple linear regression was used to compare the transformed absolute 
number of macro-invertebrates (  y = (y + 0.5) , Zar 1984), and the number of A. 
stuartii captured at specific trapping sites over a three year period (1990 to 1992) 
on both Grids A and B. Individual regression analyses were also used to 
explore the relationships between individual taxa of macro-invertebrates and 
the number of A. stuartii captured at sites. The macro-invertebrate taxa used 
included Orthoptera, Hemiptera, Dermaptera, Coleoptera, Hymenoptera - 
Family Formicidae, Blattodea, Aranae, and larvae, pooled from a collection of 
Lepidopteran, Coleopteran and unknown larvae.  
 
5.4 Results 
 5.4.1 Antechinus stuartii captures 
 
Grids A and B were trapped seasonally between January 1990 to September 
1992 (Table 5.1). A total of 1013 captures of small mammals was achieved from 
15,000 trapnights. This equates to an overall capture rate of 6.7%, with A. 
stuartii accounting for 93.2% of all small mammal captures. Only 3% of animals 
captured were species other than A. stuartii. These captures were from only two 
species, Phascogale tapoatafa and Petaurus breviceps, with the latter species 
comprising most of these captures (Table 5.2).  
 
Trap disturbances were an occasional source of frustration during trapping 
sessions. Traps were generally turned over and moved up to several metres 
from the original site. Plastic bags and bedding material were removed from 
the trap and dispersed. The source of these trap disturbances was initially 
difficult to determine. Initial considerations included Swamp Wallabies 
(Wallabia bicolor) or Eastern Grey Kangaroos (Macropus giganteus) which are 
common in the area, however, on several occasions medium-sized birds 
(White-winged Choughs, Magpies) were trapped by the head region within the 
Elliott traps, hence they are considered more likely to be the culprits. In all 
cases the birds were alive and released unharmed. 
 
Captures of A. stuartii were spread evenly over the first three years of this study 
on Grid B, followed by a noticeable decline in the fourth year, while capture 
rates on Grid A demonstrated a steady decline over the four year period (Fig. 
5.2). There were distinct seasonal fluctuations in the number of captures of A. 
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stuartii across seasons on both grids (Fig. 5.2), and some trap-deaths occurred 
during each year (Appendix 7). There was a significantly higher capture rate of 
A. stuartii on Grid B than Grid A (ANOVA: F= 25.4353, p= 0.0001).  
 
Table 5.2 Small mammal captures of species other than Antechinus stuartii 
over the four year period between 1990 and 1992. 
 
Species Month/Year Number Grid
    
Phascogale tapoatofa 2/91 1 A 
 2/91 1 B 
 2/91 1 B 
 5/91 1 B 
Petaurus breviceps 10/90 1 A 
 7/90 10 (3 retraps) B 
 5/91 1 A 
 5/91 1 B 
 7/91 5 (2 retraps) B 
 10/91 1 (retrap) B 
 2/92 2 (1 retrap) A 
 2/92 2 B 
 3/92 1 (telemetry) B 
 
The actual number of A. stuartii on both grids (Fig. 5.3) followed a similar 
pattern to that shown in the rate of captures. The numbers of individual 
animals (K.T.B.A.) on each grid was similar within each season of each year 
until the final year (1992). There was no significant difference in the number of 
males or females on Grid A, however, there were significantly more females on 
Grid B (ANOVA: F= 6.69, p= 0.0148). There was no significant difference in the 
frequency of capture of males or female animals, however there were  
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Fig. 5.2        Captures of A. stuartii (per 100 trap nights) on  Grids A and  B.   
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significantly more animals captured on Grid B than on Grid A (ANOVA: F= 
6.318, p= 0.0146). 
 
 5.4.2 Habitat utilization by A. stuartii  
 
The capture rate of A. stuartii was consistently higher in floristic group 1 
(uninfected by P. cinnamomi) than the other two floristic groups (infected) on 
Grid A (Fig. 5.4). Statistical comparisons (Kruskal-Wallis tests) of captures of A. 
stuartii are summarized in Table 5.3. On Grid B (Fig. 5.5) fewer statistically 
significant results were evident, particularly for the male population (Table 5.3). 
The low number of captures of A. stuartii within any one season made it 
difficult to draw conclusions regarding the habitat utilization of A. stuartii 
within the three floristic groups on either grid. Habitat utilization by A. stuartii 
assessed by the number of individual animals (K.T.B.A.), as opposed to capture 
rates, demonstrated similar results both graphically and statistically.  
 
Capture data when pooled seasonally across all years for both trapping grids 
(Figs. 5.6 & 5.7), demonstrated significant differences in the utilization of 
habitat by A. stuartii of the three floristic groups on Grid A (Table 5.4; Kruskal-
Wallis tests). On Grid B significant differences in habitat utilization were 
evident for females and combined captures only (Table 5.4; Kruskal-Wallis 
tests). Habitat utilization of the floristic groups by males on Grid B was not 
significantly different for any pooled season. 
 
Differences in the frequency of capture of A. stuartii within the three floristic 
groups and over time when pooled wholly within each individual year were 
assessed independently for male, female and total pooled abundance of A. 
stuartii (MANOVA with repeated measures). The results of these comparisons 
(Tables 5.5, 5.6 & 5.7) consistently show significant differences with respect to 
floristic group (P. cinnamomi) (Factor A), and across time between the years 
(Factor B), except for male A. stuartii on Grid B. No interactions between these 
two factors (AB - floristics/P. cinnamomi and time) were noted indicating that 
alterations in capture rate due to P. cinnamomi and time occurred 
independently. Thus A. stuartii consistently utilized floristic groups uninfected 
with P. cinnamomi over the duration of this trapping study. 
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Fig 5.4       Mean Captures per 100 trap nights (± s.e.) of A. stuartii  in each  
                  ‘flor-group’ between 1989 and 1992 on Grid A. 
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table 5.3 
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Table 5.4 Results of Kruskal-Wallis tests comparing mean captures per 100 
trap nights of A. stuartii within three floristic groups from seasonal 
data pooled from 1990-1992. 
 
 
   Season   
  Summer Autumn Winter Spring 
      
 Females H = 15.13 H = 22.81 H = 17.16 H = 18.84 
  p=0.0005 p<0.0001 p=0.0002 p<0.0001 
      
Grid A Males H = 23.22 H = 20.33 H = 6.71 — 
  p<0.0001 p<0.0001 p = 0.035 — 
      
 Combined  H = 25.94 H = 30.11 H = 13.74 H = 18.84 
 Captures p<0.0001 p<0.0001 p=0.001 p<0.0001 
      
      
 Females H = 16.43 H = 6.15 H = 6.90 H = 13.53 
  p=0.0003 p=0.0462 p=0.032 p=0.0012 
      
Grid B Males n.s. n.s. n.s. — 
     — 
      
 Combined  H = 15.41 H = 9.09 H = 5.38 H = 13.53 
 Captures p=0.0005 p=0.011 n.s. p=0.0012 
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When all data was independently pooled over the four year period for both 
Grids A and B strong significant relationships were identified in the habitat 
utilization of the floristic groups by A. stuartii (Fig. 5.8, Table 5.8). This was 
evident for males, females and total captures of A. stuartii, with the exception of 
males on Grid B. On Grid A, the rank order of utilization of the floristic groups 
was 1 > 2 > 3, and on Grid B the ranking of the utilization of the groups was 2 > 
1 > 3. 
 
Table 5.8 Results of ANOVA tests comparing habitat utilization within 
the three floristic groups by the total captures for female, male 
and all A. stuartii on Grids A and B between 1990-92.  
 (n.s. = not significant, d.f. = 97). 
 
 Females Males Total Captures 
Grid A F = 20.388 F = 15.346 F = 23.996 
 p< 0.0001 p< 0.0001 p< 0.0001 
Floristic    
Groups  1 vs 2, 1 vs 3 1 vs 3 1 vs 2, 1 vs 3 
    
Grid B F = 7.777 n.s. F = 6.020 
 p = 0.0007  p = 0.0034 
Floristic    
Groups 1 vs 3, 2 vs 3  1 vs 3, 2, vs 3 
    
 
Fidelity in the capture of A. stuartii at trap sites over the four year period as 
assessed by correlation coefficients of captures from each site over the study 
period show limited allegiance to the sites over time (Table 5.9). The coefficients 
between males and females were lower between each of the sexes, (ie. ¡ to ™, ™ 
to ¡) rather than within the gender (ie. ¡ to ¡, ™ to ™; Table 5.10). This suggested 
some spatial separation of the two sexes across both trapping grids.  
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Fig. 5.8   Mean  captures (± s.e.) of A. stuartii  in the three floristic 
                groups between 1989-92 on  Grids A and B. All data pooled.  
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Table 5.9  Correlation coefficients of captures at sites between years on  
 Grids A and B between 1990-1992. 
 
  Grid A    Grid B   
 1989 1990 1991 1992 1989 1990 1991 1992 
1989 1    1    
1990 0.5774 1   0.4351 1   
1991 0.5865 0.4958 1  0.5343 0.5419 1  
1992 0.5861 0.5793 0.513 1 0.2472 0.2182 0.2922 1 
 
 
Table 5.10 Correlation coefficients of captures of female and male A. 
stuartii at sites between years on Grids A and B between 1990-
1992. 
 
  Grid A   Grid B  
 female male total female male total 
female 1   1   
male 0.7132 1  0.3795 1  
total 0.9281 0.9229 1 0.9175 0.7162 1 
 
The mean number of pouch young carried by females at the Brisbane Ranges 
over the four year period was 9.035 ± 0.78 (s.d.) (n=58, range: min.=6, max.=10). 
No significant difference was detected between the fecundity of female A. 
stuartii found at sites differentially infected by P. cinnamomi. There were no 
significant differences in the scrotal width in male A. stuartii during the 
approach to the winter mating period either within the years between the two 
trapping grids, or with the pooled data set. The mean scrotal width during this 
period was 13.61±1.57 mm (s.d.) (n= 44, range: min.= 11, max.= 17).  
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No significant differences (ANOVA) were detected in the body mass and body 
length for either male or female animals captured in the three floristic groups in 
any of the seasons (Fig. 5.9). Therefore the hypothesis that intra-specific 
competition based on body size played a role in the habitat utilization of the 
different floristic groups present on both trapping grids was not supported. 
 
The home ranges of male and female A. stuartii determined using minimum 
convex polygon (MCP) and Harmonic Mean (HM) methods showed no 
significant differences between the sexes (ANOVA). Results of the comparisons 
between the two methods consistently demonstrated a more conservative home 
range size using the HM method as opposed to the MCP method by a ten-fold 
factor (Figs. 5.10). Details of the results of HM analysis (75% isoline) of animals 
over the four year period 1990-92 are summarized in Table 5.11 and show wide 
variation in the home range size. Full details of home range areas are shown in 
the Appendices 8.1 and 8.2. 
 
No significant differences (Mann-Whitney U Test: Z= -0.6734, p= 0.5007) were 
detected between male and female A. stuartii in the proportion of their home 
ranges overlapping habitat that was infected or uninfected by P. cinnamomi 
(Fig. 5.11). In both sexes uninfected habitat constituted the largest portion of the 
home range of all the habitat types for all animals.   
 
 5.4.3 Activity/abundance of invertebrates 
 
A total of 84 pitfall trap-nights were conducted on each trapping grid from 1990 
to 1992. The contents of these traps yielded a total of 32,760 specimens from 
Grid A, including 26 small skinks, while Grid B yielded 21,511 specimens 
including 5 skinks. Taxa with total numbers less than approximately 20 
individuals were omitted from analyses. Invertebrates were broadly classified 
as either ‘macro-invertebrates,’ which were considered potential prey items for 
A. stuartii, or ‘micro-invertebrates’ which were considered too small. 
 
The abundance of invertebrates within taxa and floristic groups were analyzed 
using several statistical methods. A full catalogue of the mean values for each 
invertebrate taxon within the floristic groups are shown in Appendices 9.1 - 9.6 
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Table 5.11 Home Range Area (ha) of male and female A. stuartii from Grid B 
using Harmonic Mean (HM) and Minimum Convex Polygon 
(MCP) methods. ‘n=‘ number of captures contributing to home 
range. ‘% of fixes’ = the percentage of captures in habitat 
uninfected by P. cinnamomi. 
 
 
Animal n= Area 
(MCP) 
Area 
(HM) 
% of 
fixes 
Animal n= Area 
(MCP) 
Area 
(HM) 
% of 
fixes 
          
4 - ™  8 0.9588 0.100 88% 5 - ¡ 11 0.2716 0.0579 73% 
8 - ™  8 1.003 0.260 75% 35- ¡ 12 1.093 0.0876 66% 
11 - ™  8 1.398 0.191 100% 46 - ¡ 10 0.1793 0.0008 0% 
16 - ™  10 0.336 0.112 100% 65 - ¡ 9 0.3724 0.0395 100% 
22 - ™  21 0.432 0.836 100% 68 - ¡ 8 0.1953 0.214 63% 
39 - ™  18 0.542 0.443 100%      
41 - ™  22 0.631 0.424 100%      
44 - ™  15 0.545 0.19 100%      
48 - ™  10 0.2674 0.03 90%      
53 - ™  10 0.166 0.086 100%      
59 - ™  12 0.3523 0.019 12%      
62 - ™  12 0.9706 0.142 50%      
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Fig. 5.11         Percentage of home range of male and female A. stuartii    
                       (75% isoline of Harmonic mean method) occurring in  
                       vegetation  uninfected by P. cinnamomi. 
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& 10.1 - 10.6. The square root transformed data was compared using MANOVA 
with repeated measures, and Tukey’s HSD tests. A summary of these results is 
displayed in Table 5.12. The total number (n) of invertebrates sorted within 
each taxon appeared consistent between the two grids. In general, large 
numbers of ants, beetles and earwigs were detected by pitfall trapping, with 
lesser numbers of other taxa such as cockroaches, bugs and grasshoppers. 
There was a significant effect of season within most macro-invertebrate taxa on 
both grids for most years, but only occasional differences within each taxa on 
the basis of floristic group (P. cinnamomi: Table 5.12). Where differences do exist 
between floristic groups within taxa they are more commonly found on Grid A 
than Grid B, and are almost always due to higher mean numbers of 
invertebrates within floristic groups 3 on both grids, ie. sites infected with P. 
cinnamomi. This result is confirmed by the comparison of the Shannon-Weiner 
Diversity indices for the two trapping grids on the basis of their floristic 
grouping. The results for Grid B were not significant, however Grid A did show 
a significant difference between groups 1 and 3 (ANOVA, Tukey’s HSD Test: 
F= 3.8465, p= 0.0284), with Group 3 (infected with P. cinnamomi) showing a 
significantly larger index of macro-invertebrate diversity. 
 
Square root transformed data were also pooled seasonally (eg. summer 1990, 
1990 & 1991) grouped to assess across-year variation, and to assess whether this 
variation may be due to the floristic component (Factor A) over time (Factor B). 
The results of these analyses (MANOVA with repeated measures) are 
summarized in Tables 5.13 and 5.14. There were significant differences over 
time (years), with only a low number of differences between sites based on 
floristic groups on both grids, and almost no interaction between the two 
factors of time and floristics. Significant differences on the basis of floristic 
group (P. cinnamomi) were detected in some seasons for Coleoptera, Hemiptera, 
Orthoptera, Dermaptera and ‘larvae’ on Grid A. No significant differences on 
the basis of floristics were detected on Grid B. The invertebrate abundance for 
these taxa were higher in each case in floristic group 3, which is infected with P. 
cinnamomi.  
 
While the number of Coleoptera and Dermaptera were sufficiently high for 
good representation in ANOVA tests, the low number of Hemipteran and 
Orthopteran invertebrates suggests that these significant results should be 
treated with some caution. The results shown in Tables 5.12, 5.13 and 5.14 for 
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grouping ‘Ant genera’ suggest that there is no significant difference in the 
number of taxa within any single floristic group, or across seasons, within a 
year, or across years, attributable to P. cinnamomi. The results of comparisons of 
the mean number of micro-invertebrates in the 3 floristic groups on both grids 
demonstrated many significant differences, particularly the Order Collembola. 
Numbers of invertebrates in this taxa were higher in the ‘infected’ floristic 
groups than the uninfected ones on both Grids A and B (Table 5.15).  
 
 
Table 5.15 Results of repeated measure MANOVA tests on the mean 
number of micro-invertebrates in ordinal taxa at trapping sites 
classified on the basis of floristics and P. cinnamomi on Grids A 
and B.  
 * = difference in mean number of invertebrates in taxa within different trap 
site classifications based on infection with P. cinnamomi (A), (a, b, c & d = 
summer, autumn, winter, spring respectively), # = significant difference 
between seasons within the year (B), ^ = significant interaction between the 
two factors in the analysis (AB). 
 
Grid  Year Diptera Collembola 
    
  (n= 1,751) (n= 14,238) 
  1 vs 2, 1 vs 3 (b) 1v 2(b) 1 vs 3(c) 
 1990  1 vs 2 & 3(d) 
  *  # *  #  ^ 
    
   1 vs 3(c) 
A 1991  1 vs 2 & 3(d) 
  *  # * # ^ 
    
   1 vs 3 (b) 
 1992  1 vs 3 (c) 
   * # 
    
  (n= 1,326) (n= 7,668) 
   1v 3 (a, c)  
 1990  3 vs 2 & 1(d) 
  #  ^ #  ^ 
    
  1 vs 3 (b) 3 vs 1 & 2(c) 
B 1991   
  # *  #   
    
    
 1992   
   *  
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Spearman Rank Correlation analysis was performed to determine if there were 
any differences in the rank order of abundance of macro-invertebrates from 
individual taxa as well as total numbers of macro-invertebrates, from sites in 
different floristic groups. This analysis was conducted on the standardized 
number of macro-invertebrates. The results of these analyses on data from both 
trapping grids were only significant on Grid A for 1990 (Z= -2.284, p= 0.0224), 
and on Grid B in 1992 (Z= 2.2705, p= 0.025). All other comparisons 
demonstrated no significance. Within individual taxa no significant differences 
were detected on Grid A between any taxa and floristic groupings, with the 
results from Grid B indicating a significant correlation (r2= 0.308, p= 0.029) for 
spiders pooled over the three year period, suggesting a higher abundance of 
this taxa in floristic group 3. 
 
The overall conclusion to be reached is that the significant differences recorded 
for invertebrate taxa were more strongly accounted for by seasonal or yearly 
variation than for any differences attributable to the floristic group or P. 
cinnamomi.  
 
 5.4.4 Interrelationships between abundance of Antechinus stuartii 
  and other independent environmental variables 
 
The interrelationships between the abundance of A. stuartii at trap sites and the 
various habitat parameters previously measured were explored with Pearson 
correlation coefficients and stepwise multiple regression. Correlation 
coefficients for both grids are shown in Table 5.16. On Grid A a number of 
habitat variables were found to be significantly positively correlated with 
female A. stuartii including the density of vegetation, particularly at the higher 
levels (PCA 2), the overall diversity of vegetation (Shannon-Weiner index is a 
negative value), the cover of X. australis, and the cover afforded by both low 
and tall shrubs. Negative correlations were found for projective foliage cover, 
the height of trees, cover of grasses/sedges and litter. Male A. stuartii on the 
same grid showed positive correlations with the cover of X. australis, low and 
tall shrubs, and negative correlations with grasses and sedges. On Grid B males 
showed negative correlations with the amount of bare ground, while females 
had positive correlations with the mean diameter of trees, and the cover 
afforded by X. australis, and low shrubs. Stepwise regression analyses (Table 
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5.17) identified that of the dependent variables on Grid A tall shrubs and X. 
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australis contribute most significantly to explaining the distribution of captures 
of A. stuartii, while on Grid B the picture is less clear with bare ground 
contributing negatively and X. australis contributing positively to the equation. 
On both grids the variance for males was more poorly explained than for 
females. 
 
The results of simple linear regression analyses between the absolute number of 
macro-invertebrates and the capture rate of A. stuartii are shown in Table 5.18 
and Fig. 5.12. These results demonstrate a consistently poor relationship 
between the number of invertebrate taxa which have previously been 
considered the main prey items of A. stuartii (Hall 1980; Predavec 1990; Statham 
1982a) and the successful capture rate. The only significant relationship 
detected was between the number of invertebrates and A. stuartii in 1990 on 
Grid A. Figure 5.12 shows a low r2 value suggesting a very poor relationship. 
For other analyses there appeared to be no relationship at all (eg. r2= 0.0002 on 
Grid B - 1990) (Table 5.18). Simple linear regression investigations of the 
relationship between total A. stuartii  captures and smaller invertebrates found 
some significant results such as larvae (y= 0.1478x + 8.464, r2= 0.3103, F= 
21.5915, p= 0.0001), Diptera (y= 0.0215x + 1.8309, r2= 0.145, F= 8.1390, p= 
0.0064) and Collembola (y= -0.2992x + 51.4409, r2= 0.2253, F= 13.9602, p= 
0.0005) on Grid B, however, the relevance of these results for food items for A. 
stuartii  is questionable.  
 
Table 5.18  Results of simple linear regression between the number of A. 
stuartii captured at particular trapping sites, against the 
measure of the total abundance of large invertebrates present 
at that site in that year, and pooled over the three year period. 
n.s = not significant. 
 
Grid Year  Result  
  r2 F value p value 
 1990 0.1215 6.6406 0.0131 
A 1991 0.0012 n.s.  
 1992 0.0656 n.s.  
 1990-2 0.0521 n.s.  
 1990 0.0002 n.s.  
B 1991 0.0315 n.s.  
 1992 0.0385 n.s.  
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 1990-2 0.0764 n.s.  
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Fig. 5.12       Linear Regression of the relationship between total abundance of  
                     macro-invertebrates and the total captures of A. stuartii (captures per  
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The relationship between the number of invertebrates and other habitat 
variables are shown in Tables 5.19 and 5.20 for Grids A and B respectively. 
These results demonstrate almost no significant relationships between the 
abundance of macro-invertebrates and particular habitat variables. Some strong 
correlations of these variables with the micro-invertebrates were identified, 
particularly to vegetation structure. Stepwise multiple linear regression of these 
variables against individual taxa demonstrated significant relationships for 
usually only a single habitat variable (Table 5.21). These variables contributed 
only in a minor way to the explanation of the variance in each case. The 
abundance of macroinvertebrates pooled from all taxa also showed few 
significant correlations with habitat variables (Table 5.22). Stepwise multiple 
regression identified a significant relationship of pooled macroinvertebrate 
abundance to only one individual habitat variable for each grid (Table 5.23). 
These relationships also only explained a small proportion of the variance.  
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5.5 Discussion 
 5.5.1 Antechinus stuartii 
 
This investigation was established to assess the changes to small mammal 
communities as floristic changes induced by the pathogen took place over time. 
Previous studies on the distribution of P. cinnamomi in the Brisbane Ranges 
have shown that the pathogen can move rapidly through susceptible vegetation 
(Weste et al. 1976), however, over the four year course of this trapping study the 
disease ‘front’ did not move appreciably. The stability of the disease is 
discussed in Chapter 4. The results in Chapter 4 on the effects of P. cinnamomi 
on vegetation demonstrated significant differences in both the floristic and 
structural components of the habitat in infected and uninfected areas. Hence 
the nature of this investigation altered from one of observing rapid changes in 
population parameters and habitat utilization of A. stuartii, to an investigation 
of the habitat utilization of A. stuartii in areas infected and uninfected with P. 
cinnamomi. 
 
It is notable that over this four year study no other ground dwelling mammal 
species were captured, and that A. stuartii therefore constituted almost a single-
species small mammal community, certainly at ground level. The trappability 
of A. stuartii was assumed to be constant over the study, although a proportion 
of the population may not be trappable, and may vary between sexes and 
seasons (Statham 1982b). The differences experienced in the capture rate 
between the grids are unknown, but may be related to the proportion of 
uninfected habitat on each grid. Grid B had approximately 70 % of trapping 
sites classified as being uninfected by P. cinnamomi, while Grid A had less than 
40%. Seasonal fluctuations in the captures of A. stuartii were consistent on both 
grids with the total mortality of the males following a brief mating period in 
late August (Lee et al. 1977). These results followed the general annual pattern 
for A. stuartii and many other dasyurid species (Wood 1970). By 
September/October only females carrying pouch young were trapped and 
males were not present in the population.  
 
The decline in captures of A. stuartii during this study may be due to several 
factors such as habituation of animals to traps or bait. However, this decline is 
most likely due to the loss of animals during winter and spring (Fig. 5.2), 
particularly breeding females with pouch young. The very low number of 
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animals present on Grid B in 1992 was likely to be due to reduced fecundity as 
a direct result of trap deaths of two females with pouch young in spring 1991, 
together with the earlier death of several females in autumn and winter of 1991.  
 
 5.5.2 Habitat utilization by A. stuartii  
 
On Grid A A. stuartii preferred floristic group 1 (Figs. 5.4). This was true for 12 
of the 16 seasons assessed over the 4 year period, with the exceptions of the 
summer periods (Table 5.3). As detailed in Chapter 4, floristic group 1 was the 
only group uninfected by P. cinnamomi. There was a significant difference in 
habitat utilization for data pooled into seasons from all years for Grid A (Fig. 
5.6). Antechinus stuartii utilized uninfected vegetation at significantly higher 
rates than other vegetation categories (Table 5.3). Seasonal differences in habitat 
utilization across most of the year may be consistent with the social and 
population structure of this animal (Lazenby-Cohen 1991; Lee and Cockburn 
1985). During the summer months following weaning there is widespread 
dispersion, particularly of the male population. During these times similar 
proportions of animals were found in both floristic groups 1 & 2, the latter 
which is a floristic group displaying active infection with P. cinnamomi.   
 
On Grid B the picture was less clear despite higher total captures of A. stuartii. 
Capture rates of A. stuartii were similar in both the uninfected floristic groups 
(2 & 1), with capture rates in both of these groups being significantly greater 
than in group 3 (infected) (Fig. 5.5, Table 5.3). Although the levels of 
significance are less for Grid B than for Grid A, the overall order is the same 
with higher capture rates at sites uninfected by P. cinnamomi. Floristic 
differences between the two uninfected groups (1 & 2) were difficult to 
quantify, but include more Eucalyptus obliqua and Xanthorrhoea australis, and 
less Laxmania orientalis and Acacia acinacae in Group 2 than in floristic group 1 
(Table 4.4). Significant differences in habitat utilization were only apparent for 
females. Males appeared to utilize the three floristic groups to a similar degree. 
This pattern was again evident when captures were pooled for the four years 
into seasons from all years (Table 5.4).  
 
There are some inconsistencies in the results from the two grids. Female A. 
stuartii consistently have higher capture rates at sites in uninfected floristic 
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groups on both grids. On the other hand, male A. stuartii follow a similar 
pattern on Grid A, but not on Grid B. Males are known to have larger social 
ranges than females (Lazenby-Cohen and Cockburn 1991), and are therefore 
more likely to encounter and enter a trap. The smaller proportion of infected 
habitat on Grid B compared to Grid A, means that the distance from any trap to 
uninfected habitat is less, and may therefore lead to a higher capture rate on 
Grid B. This idea may be supported by the analysis of captures of male and 
female A. stuartii in infected habitat on Grid A. Captures were most common at 
trap stations along the western edge of the grid (Fig. 4.4), which were adjacent 
to an intermittent watercourse containing thickets of Leptospermum and Kunzea 
species. Trials following the animals from trap sites using fluorescent dyes 
indicate that these animals returned to, and remained locally in the vicinity of, 
the thick vegetation of this gully.  
 
The differential use of floristic groups by A. stuartii may be difficult to explain 
simply in terms of the presence of plant species, especially since this species has 
an insectivorous diet (Fox and Archer 1984; Hall 1980; Statham 1982a). The 
floristic composition of groups 1, 2 and 3 did not correspond exactly between 
the two grids (Tables 4.3 & 4.4, Figs. 4.7 & 4.8), and the differences between 
these groups and grids may be based upon many small plant species. These 
smaller plant species are unlikely to be biologically relevant as habitat or food 
resources for A. stuartii. Floristic factors have previously been identified as poor 
determinants of A. stuartii’s habitat preferences/presence (Cockburn 1981; Hall 
and Lee 1982). Rather than the plant species per se being important in the 
habitat utilization of A. stuartii, it is more likely that this animal is dependent on 
vegetative cover afforded by the plants that are present (Barnett et al. 1978; 
Bennett 1993; Hockings 1981; Moro 1991; Statham and Harden 1982a; Suckling 
and Heislers 1978).  
 
Comparison of Figs. 5.6 and 5.7 with Fig. 4.13 shows that overall the density of 
vegetation on Grid B is greater than Grid A. In particular this is reflected in the 
difference in the cover of low shrubs and X. australis. The limiting factor, if 
indeed one has been detected in this study, is the lack of vegetative cover. Since 
X. australis contributes up to 75% of cover at sites (Kennedy and Weste 1986; 
Weste and Taylor 1971) it is not surprising that this species is significantly 
correlated with the abundance of A. stuartii. However, the cover afforded by 
other vegetative components, such as the grasses and sedges on Grid B, may 
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also be important by allowing A. stuartii to move further from the comparative 
safety of the dense cover of X. australis in uninfected areas. However in general 
A. stuartii, and particularly females of this species on Grid A , were found to be 
negatively correlated with this plant life-form (Table 5.16).  
 
The reliance of small mammals on vegetative cover in habitat selection is a fact 
that has been recognized by many authors, and for some time (Birney et al 1976; 
Eadie 1953; LoBue and Darnell 1959). In this study A. stuartii were captured 
adjacent to disease fronts but rarely within, or outside of them. This lack of 
‘edge effect’ by A. stuartii has previously been noted (Statham and Harden 
1982b). Whether A. stuartii prefers habitat with dense or sparse vegetation at 
ground level is likely to be dependent on many other local factors such as 
suitable nest-sites (Lindenmayer et al. 1991), or competition for food (Dickman 
1986b), none of which were apparently limiting at the sites examined in the 
Brisbane Ranges. 
 
There was a high degree of correlation between the rates of capture of A. stuartii 
at sites over the years of the study on both grids (Table 5.9). This suggested a 
reasonable level of trap site fidelity indicating that animals continually used the 
same area from year to year. This information contrasts to reported yearly shifts 
in communal nest site use (Cockburn and Lazenby-Cohen 1992). These sudden 
stochastic changes in nest utilization have been attributed to parasite loads that 
increase over time within nests (Cockburn and Lazenby-Cohen 1992). Higher 
correlations of annual female captures, compared to males on both grids (Table 
5.10), infers that males are less site tenacious than females (Lazenby-Cohen and 
Cockburn 1991). This may be related to the fact that males have larger home 
range than females (Lazenby-Cohen and Cockburn 1991). However, data from 
this study suggested that the opposite was true (Fig. 5.10 a & b), but this may be 
an artefact of sample size in favour of female A. stuartii. Home ranges for 
females (0.62 ha) were considerably higher than other studies (0.38 ha) using 
the same techniques, while the home range of males were considerably smaller 
(0.422 vs 0.94 ha, Lazenby-Cohen and Cockburn 1991). This may be explained 
by different trapping regimes, habitat, and population densities, or as an 
artefact of the greater number of observations of female A. stuartii. The 
percentage of captures, and the proportion of the home range in uninfected 
habitat in general demonstrated a higher rate of utilization of this habitat than 
that infected by P. cinnamomi (Table 5.11). Home range and its implication in 
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habitat utilization are discussed further in relation to telemetric investigations 
in Chapter 6. 
 
No differences were noted in female fecundity (number of pouch young) 
between floristic groups on either grid. Since A. stuartii can move large 
distances very rapidly it was unlikely that such fine scale difference would be 
detectable. During spring when lactation is occurring, females use almost 
exclusively floristic group 1 on Grid A, and appear to have a preference for 
floristic groups 1 and 2 on Grid B (Table 5.3). Since lactating females are 
experiencing peak energy requirements, and need high quality foraging ranges 
during this time (Lazenby-Cohen and Cockburn 1991), the possibility arises 
that these requirements are only met at sites within the uninfected floristic 
groups. An alternative possibility is that predator avoidance behaviour is at a 
peak at this time, and females therefore seek more shelter (Abrahams and Dill 
1989; Brown 1988). 
 
Female and male A. stuartii are known to exhibit different behaviours 
(Braithwaite 1974), and dominant males have been found in better quality 
habitat than the smaller, sub-ordinate males (Braithwaite 1979). Since body 
mass and dominance are highly correlated (Braithwaite 1979), body mass may 
be used as an index of dominance. No significant differences were noted in the 
body mass of male A. stuartii in the different floristic groups present on both 
grids. Therefore sub-ordinate A. stuartii individuals did not appear to be forced 
into any one of the floristic groups (Fig. 5.8). Intra-specific competition is 
therefore considered unlikely to lead to differential habitat utilization. 
 
Braithwaite (1979) proposed that the presence of large male A. stuartii may 
indicate the presence of high quality winter habitat . Habitat utilization of 
different floristic groups by members of the population may therefore provide 
an insight into the habitat quality of these groups. No significant differences in 
the habitat utilization of male A. stuartii was noted in any year on Grid B. 
However, significant differences in male habitat utilization were detected 
during many seasons on Grid A (Table 5.3). Hence conclusions regarding 
habitat quality measured indirectly through capture rate of male A. stuartii 
provided mixed results.  
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 5.5.3 Invertebrate Abundance 
 
The hypothesis tested in this investigation was that there were significant 
differences in the abundance of ground-dwelling invertebrates between the 
floristic groups. Hence, A. stuartii may be energetically constrained to utilizing 
only those areas with greater food abundance (Dickman 1989). Since A. stuartii 
were more commonly captured in habitat uninfected with P. cinnamomi, this 
hypothesis predicted higher abundances of invertebrates in these areas. The 
results indicated that there were no differences in the abundance of macro-
invertebrates in areas infected and uninfected by P. cinnamomi. If significant 
differences did exist, then they were usually in favour of the infected floristic 
groups. This was true also for micro-invertebrate taxa such as springtails 
(Order Collembola). Results appear similar whether the data is analyzed within 
each year (Table 5.12), or between each season across the years (Tables 5.13 and 
5.14), or with data pooled completely over the year period.  
 
These results can be broadly compared to those of Postle et al. (1986) and 
Nichols and Burrows (1985) who provided qualitative evidence of lower 
abundance of invertebrates in areas infected with P. cinnamomi. However, their 
study was conducted in a different habitat where considerable canopy cover 
had been lost, along with large scale death of Jarrah trees (E. marginata). In 
contrast in the Brisbane Ranges there was no difference in canopy cover in 
infected or healthy areas. While other ecological perturbations have 
demonstrated significant changes in the invertebrate fauna (Landsberg et al. 
1990; Neuman 1991; Neuman and Tolhurst 1991), the present study did not 
detect significant differences in the abundance of macro-invertebrate taxa 
between areas differentially infected by P. cinnamomi. It would be interesting 
now to reassess the effect of P. cinnamomi on invertebrates in other habitats also 
suffering from P. cinnamomi with varying disease symptoms and aetiology.  
 
Collembola were by far the most numerous micro-invertebrates across both 
grids. Members of this taxon are usually considered to be decomposers, yet are 
among the earliest colonizers of soil during succession. Greenslade and Majer 
(1993) demonstrated a positive correlation between species richness of 
Collembola at sites following mining rehabilitation, and plot age. Specifically 
species richness was found to be positively correlated with plant species 
richness, and percentage plant cover. Surprisingly in this current study, 
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significantly higher abundances of Collembola were detected at sites infected 
with P. cinnamomi, in most seasons apart from summer. The Greenslade and 
Majer study was conducted during spring and summer months. With 
significantly lower number of plant species and reduced plant cover at sites 
infected with P. cinnamomi, it is difficult to reconcile the ecological role of these 
invertebrates at these sites, and why their abundances may be elevated rather 
than depressed. 
 
Where significant differences do exist within macro-invertebrate taxa, the 
higher numbers are present in floristic groups that have a history of infection 
by P. cinnamomi. While pitfall traps may provide a better estimate of activity of 
some arthropods than others, and poorly reflect the true abundance of taxa 
(Adis 1979; Greenslade 1964; Topping and Sunderland 1992), the higher 
numbers of invertebrates in areas with high levels of litter from collapsed X. 
australis, suggested that numbers may indeed be significantly elevated 
compared to uninfected areas. Despite these problems, the three year sampling 
period and consistent results show that the abundance of macro-invertebrates, 
and hence prey items for A. stuartii, were not elevated in the floristic groups 
uninfected with P. cinnamomi. Consequently, it seems unlikely that A. stuartii is 
energetically limited to uninfected habitat. This concurs well with Fletcher’s 
(1977) findings that utilization of habitat by A. stuartii is not regulated by 
invertebrate food availability. 
 
The number of genera of ants across the grids showed no significant differences 
between the floristic groups over the 3 year period. Hence Andersen’s (1990) 
suggestion that the number of ant ‘species-groups’ may provide an index of 
environmental health may either not be applicable on this scale, or may in fact 
hold true, indicating no difference in the level of ‘health’ of habitat 
differentially infected with P. cinnamomi. The high number of sites assessed on 
two grids over a three year period, along with the high level of consistency in 
the results, suggests that the latter interpretation may be supported by this 
study. 
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 5.5.4 Interrelationships between Antechinus stuartii and  
  other independent environmental variables 
 
So far it has been noted that both sexes of A. stuartii displayed preferences for 
floristic groups uninfected by P. cinnamomi on both grids, except for males on 
Grid B. However, as discussed above, it is unlikely that A. stuartii would be 
highly correlated with the floristic components of the vegetation alone. 
Correlation coefficients with other habitat variables showed a high level of 
association between A. stuartii and several of the floristic groups on Grid A, 
including positive correlations with X. australis, low and tall shrubs, and a 
negative correlation for grass/sedges (Table 5.16). This information goes some 
way to explaining the difference in utilization since the positively correlated 
groups had significantly lower cover at infected sites. The cover of grasses and 
sedges was however higher in this habitat on Grid A (Fig. 4.13, Table 4.7). 
Other factors that appear to be important for female A. stuartii include 
structural complexity, particularly above 120 cm above ground level (PCA 2), 
low levels of vertical diversity and projective foliage cover, and low tree height. 
The combination of these factors suggest that the females preferred open areas 
that had sparse structural cover up to 1 metre above the ground level, in 
uninfected areas dominated by healthy X. australis plants (Table 5.16). 
Coefficients of correlation for factors on Grid B are far less informative than for 
Grid A. Positive correlations with captures of female A. stuartii were detected 
for the mean diameter of trees, cover of low shrubs and X. australis, and a 
negative correlation for male A. stuartii with bare ground was detected. No 
relationship was detected between rainfall variation and success in trapping A. 
stuartii.  
 
Of the 18 habitat factors used in correlation analysis with captures of A. stuartii, 
only cover of low shrubs and X. australis showed any consistency between the 
two trapping grids. Hence the factors considered important in the utilization of 
habitat by A. stuartii  appear different between the grids. This result was 
supported by stepwise multiple regression, where X. australis was detected as a 
significant contributor to the equation for both sexes and total captures on Grid 
A, and females and total captures on Grid B (Table 5.17). Interestingly tall 
shrubs were a major contributor on Grid A, explaining a large portion of the 
total variance. However the cover of this life-form on Grid A appeared to be 
less than that of Grid B. Only small portions of the variance were explained 
with almost all of these regression analyses, hence other variables which were 
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not measured or assessed may contribute considerably to the explanation of the 
abundance of A. stuartii . 
 
The relationships between the abundance of macro-invertebrates and the 
abundance of A. stuartii at any particular site were found to be weak, and only 
significant in 1990 on Grid A (Table 5.18). These results demonstrated that 
almost no effective relationship existed between abundance of prey items and 
the frequency of capture of A. stuartii at trap sites. The implication of this 
finding may be two-fold. One interpretation may be that A. stuartii were not 
limited by food resources in their habitat utilization. Another interpretation is 
that A. stuartii does not actively select sites with higher abundance of 
invertebrates. Invertebrates themselves appeared to be correlated with very few 
habitat variables that were measured on Grid A (Table 5.19). The groups which 
are considered to be the major prey items (eg. beetles and spiders), have weak 
negative correlations with herbs and grasses/sedges respectively. Cockroaches 
displayed positive correlations with projective foliage cover and bare ground, 
however, the relationship with the latter variable may have more to do with 
ease of movement and activity experienced by this taxa, and perhaps other 
taxon, at ground level, and the efficiency of pitfall traps (Greenslade 1964; 
Topping and Sunderland 1992). On Grid B very few significant correlations 
were noted except for the density of vegetation at lower levels (PCA 1) and a 
negative correlation with vertical diversity for beetles. Stepwise multiple 
regressions provided little indication of what factors may be important in 
maintaining invertebrate numbers, with no consistency between trapping grids. 
With all macro-invertebrates pooled together the picture was still not clear, 
however, the cover of grasses/sedges and low shrubs may be implicated. 
 
Conclusions 
 
There was no relationship between the abundance of major prey items assessed 
individually or when pooled, and the captures of A. stuartii. The abundance of 
these prey taxa do not vary significantly across different floristic groups, and 
show very few relationships to the vegetation and other habitat variables 
measured. Therefore food resources do not appear to be limiting for A. stuartii 
in uninfected areas. Antechinus stuartii displayed correlations with some habitat 
parameters, particularly cover from X. australis, and other low and tall shrubs. 
Vegetation cover is therefore considered to be the most likely factor to explain 
the relationship between the abundance of A. stuartii and infection of habitat 
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with P. cinnamomi. The explicit importance of this cover is not known, but may 
relate to predator avoidance.  
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Chapter 6
 
Telemetric investigations of the home range and 
habitat utilization of Antechinus stuartii 
 
 
 
 
 
  
 
6.1 Introduction 
 
Home range in its simplest form, has been defined as the area which an animal 
normally traverses in performing its set activities; such as feeding, nesting and 
engaging in social interactions (Burt 1943). However, this term can also refer to 
a numerical (probability) estimate of area used by an individual (White and 
Garrott 1990). The determination of the home range of animals is an important 
task since it provides information on aspects of population biology 
(Ambramsky and Tracy 1980), social organization (Anderson 1988; Lawrence 
and Wood-Gush 1988) and competition (Hawes 1977). Biologists have used a 
variety of techniques to gain information on the temporal positions of animals 
including direct observation, trapping, fluorescent dyes (Mullican 1988), faecal 
recovery (Randolph 1973) and radiotelemetry. Trapping has a number of 
problems. If traps are left for some time before they are cleared, then it is 
difficult to determine when the animal entered the trap. It is also difficult to 
determine what the animal was doing at the time of capture: (eg. was it 
foraging, or in transit between two preferred sites?). Another problem is 
whether the animal prefers, or is selecting that habitat, or whether that 
individual animal or species is simply more trappable in an area where higher 
abundances are recorded. Overall, the use of trapping techniques for home 
range studies provide few data points, and sometimes misleading indices of 
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home range (Adams and Davis 1967; Jones 1983; Trevor-Deutsch and Hackett 
1979). 
 
A related term which is sometimes used synonymously with ‘home range’ is 
the term ‘utilization distribution’, which essentially is a 2-dimensional relative 
frequency distribution of an animal's location over time. This estimation 
accounts for the ‘normalness’ of animal movements and includes a probability 
of the animal being included in an area (Anderson 1982; Jennrich and Turner 
1969). This is necessary since animals do not use all of their home range with 
equal intensity (Dixon and Chapman 1980; Wray et al. 1992). A common 
probability level of 95% has been used as an appropriate ‘home range’ size, 
however, this is an arbitrary value, used more for the convenience of 
comparison to other studies, or for the semblance to the statistical use of å=0.05. 
The smaller the interval or ‘isopleth’ used, the more certainty with which the 
animal may be found, hence 50% isopleths are often equated with ‘core area’ 
(Jaremovic and Croft 1987).  
 
The benefit of trapping studies are that they are cheap and simple to operate, 
however the layout of the traps in a grid or transect formation may bias the 
resulting data points. For home range analyses where many records are 
required from individual animals over time, it often takes extended periods to 
gather enough data. Home ranges calculated in this manner are essentially 
‘trapping home ranges’ (Trevor-Deutsch and Hackett 1979), and may not 
elucidate the true habitat utilization of the animal. It is essential that the 
trapping grids be large enough to contain many individuals, and that their 
home ranges are all contained within the grid, since forays detected by 
peripheral trap lines can alter spatial interpretations of home ranges (Trevor-
Deutsch and Hackett 1979). Other mechanisms such as radiotelemetry provide 
a less grid-biased method of obtaining positions of animals in time and space. 
This method also does not require the actual sighting of the animal, hence it can 
be performed vicariously depending upon the strength of the transmitter and 
other variables. Radiotelemetry is more complex and expensive, can be time 
consuming, and needs to be well planned (White and Garrott 1990). 
 
Collection of data points from radio-telemetry signals can be obtained with 
either fixed or mobile antennae, and often involves the use of triangulation 
methods to determine the source of the signal (Kenward 1987). There are 
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inherent problems with each methodology used to detect a signal. 
Triangulation techniques from fixed antennae give rise to problems with the 
accuracy of bearings from towers for detecting an animal’s position (Nams and 
Boutin 1991; Pyke and O’Connor 1990; Schmutz and White 1990; Springer 
1979), the efficiency and accuracy of the antenna (Lee et al. 1985), reflection of 
the signal (Garrott et al. 1986) and temporal synchronization. These factors 
combined, can lead to large variation in the accuracy of the determined 
location, which can severely reduce the authenticity of calculated patterns of 
home range and habitat utilization (Kenward 1987). Using hand-held antennae 
to detect the location of animals also presents problems such as disturbance of 
the animals when tracking (Mullican 1988), though other workers have claimed 
no disturbance exists (Mineau and Madison 1977).  
 
The analysis of telemetric data with probabilistic methods presents problems 
such as auto-correlation, or lack of observational independence of data 
(Cresswell and Smith 1992; Swihart and Slade 1985). Some of the probabilistic 
methods (eg. Harmonic Mean method: Dixon and Chapman 1980) are less 
affected by auto-correlation than others. Non-statistical approaches such as the 
Minimum Convex Polygon (MCP) are easy to calculate and are comparable to 
widely published values using this method. However, home range estimates 
using this technique expand as the number of fixes increase (Jennrich and 
Turner 1969), and can include large areas not utilized by the animal (White and 
Garrott 1990). Various bivariate estimators for home range exist (Jennrich and 
Turner 1969; Samuel and Garton 1985), however the statistically normal models 
do not often describe well the movements of free-living animals (White and 
Garrott 1990) since food, mates and shelter are not normally distributed in 
space (MacDonald et al. 1980). For this reason non-parametric techniques have 
been developed (Anderson 1982; Dixon and Chapman 1980; Worton 1989), 
however, these have problems in determining confidence intervals and tests of 
precision (White and Garrott 1990). Despite the problems with each method the 
question of statistical normality has led to the selection of non-parametric 
techniques as the prime choice in analyses of home ranges and utilization 
distributions. In general, it is recommended though that more than one method 
of home range estimation/determination is used (Harris et al. 1990; White and 
Garrott 1990). 
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Methods available in the analysis of habitat utilization or utilization 
distributions (UD) are well reviewed in White and Garrott (1990). The most 
appropriate method suggested involved comparing the number of ‘observed’ 
vs ‘expected’ animal positions (ie. Chi squared tests: Byers et al. 1984; Neu et al. 
1974). This is suggested since isopleths or isolines of probability from non-
parametric home range techniques are essentially arbitrary. The use of ‘UD’s in 
habitat analysis may therefore be suspect when using outer contour intervals 
such as 100% or 95%. However, higher probability ‘UD’s such as at the 75% or 
50% isoline level are highly conservative of the total area calculated.  
 
Other problems also arise in habitat utilization studies such as the inference 
that if an animal avoids one habitat then this may be construed as selecting 
another habitat type (Aebischer et al. 1993), however, this may depend on the 
number of habitats available. 
 
6.2 Study Aims 
 
The aims of this study were to determine the home ranges of both male and 
female A. stuartii at various times of the year using several home range 
methods of assessing radiotelemetric data. Home ranges of A. stuartii were then 
used to investigate the habitat utilization of A. stuartii in areas differentially 
infected with P. cinnamomi. Other methods of habitat utilization analysis were 
also employed to confirm the use of resources of this species between February 
to August of 1991 and 1992. 
 
6.3 Methods 
 6.3.1 Radiotelemetry equipment 
 
Radiotelemetry studies were restricted to Grid B (see Chapters 4 & 5), due to 
the labour intensive nature of the study. Since battery life on transmitters was 
dictated by the body size of A. stuartii (20 - 30 g), animals could only be fitted 
with radio-collars with an effective battery life of about 5 days. This short 
battery life also restricted the fitting of collars to animals within the first two 
days of any tracking session so that all transmitters had similar signal strength 
and duration.  
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Animals were initially trapped using Elliott type "A" (30 x 10 x 11 cm) traps. 
Animals were removed from traps into an open-weave "fruit" bag where they 
could be identified, sexed and weighed to determine the size of the collar to be 
fitted. They were then lightly anaesthetised using diethyl ether to fit the radio-
collar. Radio-collars contained a single stage transmitter powered with a single 
Lithium cell, shaped and fitted to small plastic cable tie as a means of 
attachment. Transmitters were activated and tested prior to fitting on the 
animal. The radio-collars had a small whip aerial which ran along the back of 
the animal, and a total mass of between 1.6 and 2.0 grams (Titley Electronics, 
Australia). Collars were fitted to animals where the tag mass was lower than 
10% of body weight, usually closer to the order of 5% of body mass. Plastic 
cable ties were tightened to retain the collar on the neck of the animal, but not 
asphyxiate the animal, or allow the legs or twigs to become entangled in it 
during grooming or travelling. Excess plastic from the cable tie was removed at 
the time of fitting. The small head size compared to rump in this species 
allowed normal movements of the animals through narrow nest entrances. 
Animals were released immediately following fitting of the collar, and a 10 
hour acclimatization period allowed prior to the commencement of tracking. 
Ideally a longer interval would have been more appropriate (White and Garrott 
1990), however, the short battery life meant that it was necessary to begin 
tracking quickly in order to gain enough fixes and retrieve the collar from the 
animal later. 
 
 6.3.2 Fixed Tower Telemetry - Trials 
 
Trials were conducted on the use of the 3-towered ‘null-peak’ radio-tracking 
system, similar to that used by O’Connor et al. (1987). Six metre high towers 
were fitted with paired 3 element Yagi antennae (1 metre apart to avoid 
electrical interference) and were positioned at high points across the trapping 
grid (Kenward 1987). The directional accuracy of this system was found to be 
±1 degree from any tower (Lee et al. 1981), and in early trials on a 4.4 hectare 
open paddock displayed an acceptable degree of accuracy without interference 
from trees. If however any one of the 6 antennae being used was obscured in 
any way the accuracy from that tower was diminished, and large error 
polygons (Springer 1979; Nams and Boutin 1991) were produced due to signal 
reflection (Garrott et al. 1986). Consequently the 3 towered triangulation system 
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proved to be inaccurate at the study site in the Brisbane Ranges due to the 
signal strength of the transmitters and canopy cover of the Eucalyptus spp. on 
the site. The early aspiration of assessing the movements and home range of 
animal’s with minimal interference from observers was therefore abandoned. 
To gain the degree of accuracy required (± 5 metres) the most appropriate and 
reliable method considered was hand-tracking (Kenward 1987). 
 
 6.3.3 Hand-Held Telemetry 
 
Independent positions of individual animal’s were obtained usually for a 
period of three nights, with approximately 10 positions obtained each evening 
to accumulate at least 30 positions on each animal (Kenward 1982, Jaremovic 
and Croft 1987). This was usually conducted from nest emergence at dusk and 
continued until approximately 1 am. Auto-correlation of independent fixes was 
avoided (Harris et al. 1990) by using a lower time limit of at least 25 minutes 
between each consecutive ‘fix’. The observer moved away from the site by a 
minimum distance of 50 metres to allow normal forays of the animal. During 
this study it was found that individual animals could move up to 175 metres 
within a 30 minute period between successive locational fixes, hence this period 
was more than adequate for animals to traverse their home range (Lazenby-
Cohen 1991; White and Garrott 1990), and problems associated with auto-
correlation of ‘fixes’ were minimized (Swihart and Slade 1985). Longer 
sampling intervals necessary to fulfil the ‘time to independence’ were not 
feasible in this study due to the limited battery life of the radio-collars and costs 
associated with travel. This may have biased sampling of fixes away from short 
active periods used by A. stuartii following dusk. 
 
Radio-collars were retrieved by re-trapping the animal. The most effective 
method found was to assess the animal's nesting location prior to dusk and 
place a large number of traps around the site and wait until foraging began. 
Retrieving collars by finding animals after they had left their nest sites and 
begun foraging was found to be much less successful. Animals were held in an 
open weave ‘fruit’ bag and the collar was removed by clipping the cable tie 
with a pair of side-cutters or nail clippers. 
 
 6.3.4 Home Range Analysis 
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A single AMG map square which included the study site in the Brisbane 
Ranges National Park (DCE 1:25,000) was photo-enlarged exactly 20 times by 
reprography. Translucent graph paper was overlayed to superimpose a grid so 
that accurate distances could be calculated to the nearest metre. The trapping 
grid (220 x 220 m - 4.84 ha) and the distribution of P. cinnamomi were both 
superimposed upon this  map. 
 
Consecutive positions determined during telemetry sessions were marked on 
the map and ‘x-y’ coordinates (easting, northing) were calculated. These were 
used within the habitat analysis program Ranges IV (Kenward 1990) to 
determine various parameters of the home range and habitat utilization of 
individual animals. Data from each animal was analyzed via three different 
home range methods: Minimum Convex Polygon, Harmonic Mean (Dixon and 
Chapman 1980) using the correction of Spencer and Barrett (1984), and Kernel 
Analysis (Worton 1989). Minimum Convex Polygons calculated from telemetry 
data sets, where the number of fixes was between 5 and 27, were supplemented 
with known trapping positions for animals from the appropriate season. All 
analyses were conducted using RANGES IV software program (Kenward 1990). 
 
With the two non-parametric techniques, Harmonic Mean (HM) and Kernel 
analysis, the home range was assessed at three levels of 95%, 75% and 50% 
isolines. The 95% line was chosen to represent the fully extended home range of 
the animal, and the ‘tighter’ isoline values were considered important in 
defining ‘core areas’ of the home range which were important in assessing 
habitat utilization. Plots of the number of ‘fixes’ against the area of home range 
calculated were generated to determine whether 75% and 50% isolines were 
representative of two levels of core areas.  
 
Home ranges for individual animals were determined where possible between 
seasons, and data from trapping studies on the same grid were also compared. 
However, in many cases it was not possible to recapture the same individuals 
between seasons to fit radio-collars. As well as investigations on the home 
range of individual animals, investigations were made on the distance between 
consecutive telemetry fixes to determine if inter-sex differences existed.  
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In the present study the average area covered by the 75% or 50% isolines was 
less than 20% of the full (100%) home range, which was consistent even with 
large data sets. Therefore these intervals provide a good representation of the 
core area being utilized.  
 
 6.3.5 Habitat Analysis 
 
Analysis of the habitat utilization by A. stuartii of areas differentially infected 
by P. cinnamomi was achieved using two methods. Both of these methods 
required the accurate mapping of the distribution of P. cinnamomi across the 
study area. For the purposes of this analysis the ‘habitat utilization study area’ 
was defined as the square or rectangle enclosing all of the home ranges 
determined. The major habitat types used were similar to those identified in 
previous chapters: (a) vegetation uninfected by P. cinnamomi, (b) areas affected 
by P. cinnamomi on a long-term basis, and (c) areas currently displaying 
symptoms of active infection with the pathogen. The distribution of these zones 
was assessed by hand mapping in a similar fashion to that used to assess the 
rates of movement of the disease in Chapter 4, and allowed for a detailed 
quantification of small habitat areas such as zones of ‘active infection’. This was 
considered the most accurate method when compared to the use of the ‘grid’ 
system used in Chapters 4 and 5.  
 
The first habitat analysis method used the overlap of the proportion of home 
range of the animal. This method has been criticized for including areas not 
utilized by the animal (White and Garrott 1990). For this reason this analysis 
was only performed on the proportion of area from the 50% and 75% isoline 
levels, and was only performed using home ranges calculated by the Harmonic 
Mean method since this is the more conservative of the two non-parametric 
home range techniques. This procedure was performed using the software 
package Ranges IV (Kenward 1990). The proportions of habitat overlap for each 
animal were determined and sex-based differences were assessed in habitat 
usage using Mann-Whitney U tests for each habitat type.  
 
The second habitat utilization method involved assessing the position of 
individual ‘fixes’, rather than the ‘home range’ of the animal using a test of 
‘observed’ versus ‘expected’ (Chi-square test) number of ‘fixes’ in each habitat 
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type. These data sets were supplemented with relevant trap records of those 
individuals captured during that season to assess whether the size of the data 
set influenced the outcome of results. The results of the Chi-square test provide 
an indication of whether the utilization of the habitat is uniform, however this 
does not allow the distinction of specific habitat selection or avoidance. To 
achieve this, two-tailed Bonferroni confidence intervals were calculated to 
assess whether the proportion of habitat available falls outside the normal 
distribution expected (Byers et al. 1984; Neu et al. 1974; White and Garrott 1990). 
This was calculated using the following formula: 
 
ip −z(1−α / 2k) ip (1− ip )/ n  ≤   i
p  ≤   i
p +z
(1−α / 2k) ip (1− ip )/ n  
 
where   ip = proportion of fixes in habitat ‘i’, ‘k’ = number of habitat types, n = 
total number of fixes, α = 0.10, and ‘z’= normal Bonferroni statistic calculated 
from a t - distribution. Since these values could not be calculated with values of 
nil captures, zero values were replaced with 1.0 x 10-9. Avoidance and 
preference are determined by overlap of the actual availability of habitat (ie. 
expected) within the two confidence intervals. If the expected proportion is less 
than the lower confidence interval then a ‘preference’ for that habitat is 
recorded, while if the expected proportion exceeds the upper limit, then 
‘avoidance’ of that habitat type by the animal has occurred (Byers et al. 1984; 
White and Garrott 1990). 
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6.4 Results 
 6.4.1 Home Range and Movements 
 
Three major habitat areas were identified as being uninfected, recently infected, 
and long-term infected with P. cinnamomi. These areas (Fig. 6.1) show that 
infected vegetation comprised the majority of the study area (18.61 ha, 65.7%) 
and surrounded two ‘islands’ of uninfected vegetation upon ridges (9.4 ha, 
33.2%) which were adjacent to several areas of ‘active infection’ on sloping 
ground. Active infection areas covered an area of 0.312 ha., which constituted 
only 1.1% of the study area, and were labelled ‘a’ to ‘m’ for the purposes of 
habitat analysis. The total study area for home range and habitat utilization 
purposes was 18.61 ha. 
 
Some results of trials of the use of telemetry towers to remotely identify animal 
positions are shown in Fig. 6.2, where fresh radio-telemetry tags were taken to 
specific trap sites and bearings were taken from each tower. It is obvious that 
the accuracy of the system for some areas on the trapping grid are very good 
(eg. site 18, 45) and others have excessively large error polygons associated 
with them (sites 26, 66). Consequently this system of animal position 
monitoring was abandoned. 
 
The mean home range size of animals calculated with Minimum Convex 
Polygons (MCP) where the number of fixes were between 5 and 27 is shown in 
Fig. 6.3 and identifies significant differences (ANOVA: d.f.= 17, F= 14.568, p= 
0.0019) in the home range size of males when compared to female A. stuartii. 
Despite the differences in MCP home range size no significant difference was 
detected in the mean distance moved between consecutive locations of male or 
female A. stuartii (Fig. 6.4: ANOVA: d.f.= 17, F= 4.49, p= 0.0631).  
 
The results of home ranges calculated from MCP methods corroborate well 
with those determined for the 95% isoline area using the Harmonic Mean and 
Kernel methods (Fig 6.5) for male A. stuartii, but the non-parametric methods 
were approximately 2.5 times the size of the mean female home range 
calculated by the MCP method. Close scrutiny of the results from the 
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Fig. 6.2      Results of telemetry trials on Grid B using three telemetry towers  
                   at elevated positions.  Numbers indicate trap site and telemetry tag  
                   positions.  Error polygons are shown.  
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Fig. 6.3      Home Range areas (± s.e.) based on Minimum Convex  
                   Polygons for telemetry data for males and females.  
                   (number of fixes = 5 < n < 27, §  = 7,  = 9). 
Fig. 6.4       Mean distance (± s.e.) between  consecutive  
                    telemetry fixes for males  and females, from data 
                    sets where number of  fixes =  n < 25. ( §  = 6,  = 5).  
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Fig. 6.5      Home range areas (ha ± s.e.) for 95%, 75% and 50% isolines 
                   for male and female A. stuartii  using Harmonic Mean (a) and  
                   Kernel (b) methods. 
               ‘*’ = p<0.05, ** = p<0.01 (ANOVA), (n = 6 males, n = 5 females).  
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two non-parametric methods showed that the Harmonic Mean method 
provided a more conservative estimate of area than Kernel analysis and 
displayed less variation, particularly with the 75% and 50% isolines. Kernel 
analysis detected significant differences in the size of core areas, with males 
having larger core areas; however, the results from Harmonic Mean analysis do 
not detect such differences. The difference between the two non-parametric 
models are exemplified by Fig. 6.6 detailing the home ranges calculated for 
both methods from the same data set (n=30 fixes) for 5¡ in June 1992. The 
Harmonic Mean model provided a more conservative approach to home range 
areas, which is critical if this method is to be used in habitat analysis. Examples 
of home ranges (HM method) for three A. stuartii  are shown in Figs 6.7, 6.8 & 
6.9. All three diagrams demonstrate the high degree of overlap of the animal’s 
home range with habitat that is uninfected by P. cinnamomi, particularly the 
inner and outer core areas of the 50% and 75% isolines.  
 
 6.4.2 Habitat Utilization- Positional Fixes and Areal Overlap 
 
Female A. stuartii (Figs. 6.7 and 6.8) showed little overlap with infected habitat 
at the outer edge of their home range (95% isoline), compared to males which 
had a more substantial overlap with infected areas. This may include portions 
of core areas (eg. Fig 6.9). Both male and female A. stuartii displayed almost no 
‘edge effect’ in the position of telemetry fixes (Figs. 6.10 to 6.12). More 
specifically, A. stuartii use the uninfected habitat right up to the infection 
boundary. These diagrams also demonstrated that while animals use almost 
exclusively uninfected habitat, the position of telemetry ‘fixes’ varied within the 
study area between telemetry sessions and seasons for some animals. Other 
animals display a high level of fidelity to their home range, eg. fixes for 5¡ 
March and other ‘sessions’ in 1992. Many of the telemetry ‘fixes’ in this ‘session’ 
were located at a nest tree and in the sedge-type community in between the two 
uninfected areas, while other ‘sessions’ appear concentrated on the southern 
boundary of the northern uninfected habitat zone (Fig 6.10). Another example 
is evident in Fig. 6.11 showing that 45¡ in April 1992 used both areas of 
uninfected vegetation and spent almost no time in the long-term infected area, 
and in July of the same year appeared more focused on the northern uninfected 
area and nest tree. Another animal, 44™ , showed a general shift in distribution 
of ‘fixes’ from
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north-west to south-east over the 6 month period between February and July of 
1992 (Fig. 6.12). 
 
The other point to make from observing the distribution of individual fixes in 
Figs. 6.10 and 6.11, is that animals may cross long-term infected areas to other 
areas uninfected by P. cinnamomi. However, it is unlikely that these animals 
spend large amounts of time in the infected areas, and probably transit directly 
across the open, infected areas.  
 
Significant differences in the overlap of the 50% and 75% isolines with the three 
habitat types were evident between the two sexes (Fig. 6.13). Core areas for 
females were almost exclusively associated with habitat uninfected by P. 
cinnamomi. Male A. stuartii also had a high proportion of their home range 
overlapping uninfected habitat, but their core areas also contained portions of 
the other habitat types, with long-term diseased areas contributing 
approximately 25% of the core area range. Despite these sex-based differences 
in the core range overlap with habitat areas, there are almost no differences in 
the proportion of telemetry fixes located in each of the habitat types (Fig. 6.14).  
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Fig. 6.14 Proportions of telemetry fixes (± s.e.) for male and female A. stuartii  
in different habitats. (From 1991-2 data sets where fixes  
 > 27, n = 6 males, n = 5 females).  * indicates p<0.05 (ANOVA). 
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Fig. 6.13    Proportion of Home Range  (± s.e.) from 50% isoline (a) and  
                   75% isoline (b) for both males and female A. stuartii   in   
                   different habitats (Harmonic Mean Method.   
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 6.4.3 Habitat Utilization- Chi-Squared Analysis 
 
The proportion of telemetry ‘fixes’ found associated with each habitat type was 
compared to the ‘expected’ proportions based on the area of each habitat type 
within the total study area. These results for 1991 data set (Table 6.1) showed 
almost no significant differences of habitat utilization from telemetry records 
alone where the number of fixes is between 5 and 27. However if these records 
were supplemented with trap records more significant results are apparent. 
Examination of the Bonferroni intervals for these data sets (Table 6.2) in general 
fail to show that A. stuartii actively selects habitat that is uninfected by P. 
cinnamomi, and this is only achieved in data sets with a high number of ‘fixes’. 
However, these results do show a common pattern of avoidance of areas that 
are actively infected by P. cinnamomi, along with avoidance by some animals of 
habitat areas suffering long-term infection with P. cinnamomi. These results are 
read by comparing the proportion of each habitat available (ie. ‘expected’ 
values) against the two Bonferroni intervals. If the habitat proportion lies below 
the lower limit, then the animal has shown a preference for this habitat type. 
Alternatively, if the proportion exceeds the higher confidence interval, then the 
animal is deemed to have avoided the habitat. If the habitat proportion lies 
between the two Bonferroni intervals, then no details of preference or 
avoidance can be recorded. 
 
The dependence on large sample sizes is confirmed in Tables 6.3 (a) & (b), with 
the results of chi-squared analyses to assess differences between expected and 
observed habitat usage for A. stuartii where the number of telemetry ‘fixes’ 
exceeded 27. In almost all cases significant differences were noted in the habitat 
utilization with telemetry data alone, and the degree of significance may be 
enhanced with the addition of trapping data from the same seasons. The habitat 
selection and avoidance of these animals demonstrated clear patterns of 
selection of habitat uninfected by P. cinnamomi, and avoidance of habitat areas 
with the pathogen on either the short or long term basis (Tables 6.4 (a) & (b)). 
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 6.4.4 Utilization of habitat - general comments  
 
The majority of telemetry fixes of A. stuartii were associated with healthy X. 
australis. Only 21.6% (± 0.04 s.e.) of fixes were detected above ground level in 
trees, with no significant differences between males and females detected. 
While it was difficult to quantify an exact height or diameter of X. australis with 
which A. stuartii were associated, there appeared to be a critical height of 
between 1.2 ~ 1.5 metre trunk height combined with a thick skirt of dead 
leaves. Several nests at the base of X. australis were excavated to recover radio-
collars. A hole through the skirt of dead leaves had usually been eaten away as 
an entrance either to a small cavity, or to a runway which encircled the base of 
the plant. These nests appeared to be well insulated, and were always dry, even 
after heavy rain. While X. australis were used commonly for nesting by both 
sexes, males appeared to be found more frequently within trees, particularly in 
July (1991 & 1992) leading up to the breeding seasons.  
 
In most circumstances animals emerged from the nests at dusk and appeared to 
forage for several hours prior to returning to a nest, not necessarily the one they 
originally occupied. Where several animals were being tracked simultaneously 
it was common to find these animals nesting together. This appeared to be 
independent of the sex of the animals concerned. Once in these nests (~ 10.30-11 
pm) the animals often remained until the completion of tracking between 
midnight or 1 am. Therefore details on the complete daily circadian pattern in 
these animals is not clear, however diurnal activity appears very restricted or 
non-existent at the Brisbane Ranges sites.  
 
Radiotelemetric results showed that A. stuartii on occasions left the study area 
rapidly within the 30 minute sampling interval and travelled several hundred 
metres, in a similar pattern to that recorded by Lazenby-Cohen and Cockburn 
(1991). These movements could occasionally be followed, but often a sudden 
loss of radio signal, and eventual return several hours later or the next day, was 
the only sign of this behaviour. With the undulating terrain and low but stable 
signal output, it is concluded that the animals had moved out of the reception 
range.  
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6.5 Discussion 
 6.5.1 Fixed Tower versus Hand-Held Telemetry 
 
Telemetry is an invaluable tool in the observation of the distribution of animals 
in space and time. The results included in this chapter provide a much clearer 
picture of how individual A. stuartii use their habitat on a regular basis 
compared to the results of trapping studies in Chapter 5. However the use of 
telemetry in wildlife studies is not without its drawbacks and problems, as is 
any field based endeavour using electronic equipment. Study site terrain can 
present many problems (Lee et al. 1981, 1985) with reflected signals (Garrott et 
al. 1986). These problems certainly restricted the use of tower based telemetric 
methods and triangulation in this current study. In general the conclusion from 
trials using fixed towers methods was that these methods may be adequate for 
broad scale home range assessment on appropriate (ie. flat) landforms, but they 
are not precise enough for the collection of detailed information on habitat 
utilization of animals (see Fig. 6.2) unless the habitat areas are large and 
discrete, and unambiguous telemetry fixes can be obtained.  
 
The use of hand-held antennae telemetry in this study was also not without 
problems. Several animals were killed under foot in early trials with the 
observer attempting to get very close to the animal, though with experience this 
problem was rectified. Although hand-held telemetry is labour intensive, 
experience and practice in the use of this equipment was invaluable in 
assessing the position of the animal rapidly with a minimum of disturbance 
(Kenward 1987), and with a great deal of accuracy (Nams 1988). Animals 
generally become habituated to movement of the observer/recorder in the 
general area, and usually ‘froze’ when approached rather than attempting to 
run away from the approaching observer (Mineau and Madison 1977). For this 
reason a great deal of confidence is expressed in the accuracy of the telemetry 
‘fixes’ obtained, and therefore in the subsequent home range and habitat 
utilization analysis. 
 
                                                                         34 
 6.5.2 Home Range of A. stuartii  
 
In general the results of home ranges calculated on small sample sizes using 
Minimum Convex Polygons (MCP)(Fig. 6.2) concur well with the results from 
the non parametric methods. The home range size for the latter methods (95% 
isolines, HM and Kernel method) indicate that the home range size for male A. 
stuartii is a little over 1.4 ha in area, while MCP based on smaller sample sizes 
suggested that the home range of males was about 1.05 ha. Home ranges of 
females were approximately half the area of males as detected by non 
parametric methods (~ 0.75 ha) and were approximately 0.25 ha using MCP 
methods. These results were similar to some home range sizes published for A. 
stuartii in different habitats (Table 6.5), and in particular relate well to the 
foraging ranges determined by Lazenby-Cohen & Cockburn (1991).   
 
Table 6.5  Home Range sizes (ha) of A. stuartii in various habitats  
 
Method Males Females Habitat Author 
MCP 0.94 forage 
~ 5.0 social 
0.38 forage 
< 3.0 social 
sclerophyll 
forest 
Lazenby-Cohen & 
Cockburn 1991 
 1.97 - 3.29   1.65 - 2.60  tall open forest Dickman 1989  
 0.35  - sub-tropical 
rainforest 
Braithwaite 1973 
Boundary Strip - 0.38 - 5.15  sclerophyll 
forest 
Wood 1970 
 
At the Brisbane Ranges A. stuartii appeared to spend most of it’s time at ground 
level and appeared to only use trees on an irregular basis. It was therefore 
difficult to separate the two behavioural components of the time allocation of A. 
stuartii in the Brisbane Ranges. Some indication of social and nest behaviour 
however were given when animals remained within a single X. australis for 
more than two 30 minute consecutive periods. 
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 6.5.3 Habitat utilization of A. stuartii  
 
The majority of data points detected for A. stuartii were associated with healthy 
X. australis plants. These plants were generally greater than 1.2 m in height, and 
contained dead skirt material in which the animals foraged and nested. The 
skirts of Xanthorrhoea spp. have been shown to play a significant role in the 
provision of nest sites for birds (Brooker and Rowley 1991), and associations of 
A. stuartii with floristic groups containing X. australis have been reported 
(Wakefield and Warneke 1967; Wilson 1991; Wilson et al. 1986). It is suspected 
that a similar relationship exists with A. stuartii at these sites in the Brisbane 
Ranges.  
 
The reason why A. stuartii uses the ground level microhabitat at this site 
compared to its more scansorial nature in other studies (Braithwaite 1979; 
Cockburn and Lazenby-Cohen 1992; Lazenby-Cohen and Cockburn 1991; 
Wood 1970) is unknown. This may be related to lack of competition from other 
small mammals (eg. A. swainsonii: Dickman 1984, 1986a, 1986b), or may be due 
to competition for nesting sites from small mammals of more arboreal habits 
(eg. Phascogale tapoatofa, Pseudocheirus peregrinus, Petaurus breviceps). 
Alternatively the use of ground level microhabitat may be due to the lack of 
predators in the area, since no evidence of predators such as foxes or feral cats 
were recorded for the duration of trapping and telemetry studies on both grids. 
The anecdotal data on the activity patterns of A. stuartii confer well with other 
observations on time use by A. stuartii, and the high proportion of time spent in 
trees socializing (Lazenby-Cohen 1991; Lazenby-Cohen and Cockburn 1988). 
 
This information raises the question of energetics of A. stuartii. Green et al. 
(1991) estimated daily energy intake to be around 3000 - 5000 kJ kg-1 day-1. This 
equates to monthly food intake values ranging from around 400 to 700 g 
month-1 (Green et al. 1991), or a consumption of between 13.3 - 23.3g of food 
per day. With individual favoured invertebrates (Fox and Archer 1984; Statham 
1982a) weighing between 0.10 to 0.50 grams fresh weight, this means an 
individual A. stuartii (~20 g) would have to consume somewhere between 27 
and 133 invertebrates per evening depending upon size. This includes tissue 
such as chitin or keratin which is not digestible, so the upper limit may be more 
realistic. If this is the case then the short foraging periods used by A. stuartii 
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would appear inadequate to obtain this quantity of food. The determined 
energetics of A. stuartii may be an overestimate of that required, or the calorific 
value of invertebrate food may be underestimated. In either respect, the energy 
balances of A. stuartii are still not clear.  
 
Generally the results of telemetry support the proposal of Lazenby-Cohen and 
Cockburn (1991) that the social range of A. stuartii may exceed the foraging 
range. However, it may be inappropriate to measure social ranges using MCP 
as for foraging ranges. Foraging ranges of animals maybe highly determined or 
‘tight’, while larger social ranges may be much ‘looser’ utilizations of space. 
This is also compounded by the problem with MCPs where increases in the 
number of positions leads to increased size of the polygons.  
 
Certainly, it is noted in this study that while foraging takes place almost 
exclusively within areas uninfected by P. cinnamomi, they do regularly nest in 
diseased areas, often some distance from the uninfected areas. These animals 
can move rapidly for a small animal (>300 metres/0.5 hrs) as determined by 
radiotelemetry. Therefore the utilization of habitat uninfected by P. cinnamomi 
is not thought to be limited by distances, but more likely by structural cover. 
This cover may be important for food resources (eg. invertebrates), however, 
the results in Chapter 4 suggest that there are no differences in the number of 
prey items for A. stuartii between different floristic groups, which broadly 
reflected the infection states of the habitat. 
 
Although no significant differences were noted between males (~45 m) and 
females (~35 m) in the distance moved between consecutive fixes (Fig. 6.4), this 
result may have been influenced by some repeated fixes at nest sites, and in 
some instances, small sample sizes. It is likely that males do move longer 
distances, considering their larger home range sizes, and since females appear 
to spend longer within nests. 
 
In this study consistently well-defined home ranges were obtained from data 
sets with around 30 observations, as suggested by Harris et al. (1990) as being 
an appropriate minimum number. This number also minimizes the rate of Type 
II errors in habitat utilization analysis (Alldredge and Ratti 1986). Pooling data 
within individuals over seasons such as for 5 independent telemetry sessions 
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for one animal creating a total of 138 fixes, increased the area of home range 
determined due to the wider spread of fixes (Fig. 6.10), however, utilization 
plots did not show differences in the relationship between the proportion of 
fixes and areas. This suggested that no improvement was made with the larger 
data set, and that approximately 30 fixes was adequate to assess the home 
range and habitat utilization of A. stuartii.  
 
Results of overlap of the 50% and 75% isoline ranges of A. stuartii with the 3 
habitat types displayed significant differences between the two sexes (Fig. 6.13), 
with females almost exclusively using habitat uninfected by P. cinnamomi 
within both ranges. Ranges of male A. stuartii had less overlap with uninfected 
habitat. This higher rate of use of presumably better quality habitat by feamle 
A. stuartii is consistent with the observations of Lazenby-Cohen and Cockburn 
(1991), possibly for breeding/lactational purposes.   
 
The observation of males frequenting nest trees prior to the mating/breeding 
season concurs well with the observations of Lazenby-Cohen and Cockburn 
(1991) that female A. stuartii are site tenacious and that foraging ranges are 
more rigidly determined than in males, and are delineated early and 
maintained throughout the year. A limited number of multiple monthly 
observations of males and females (Figs. 6.10 - 6.12). Although the number of 
animals is small the results that the animal 44™ did not shift as widely as those 
of the two males (5¡ & 45¡). This hypothesized female ‘site tenacity’ is also 
supported by the observation that although females have up to 20% of 
radiotelemetry fixes in long-term diseased areas, their core areas are almost 
entirely composed of uninfected vegetation (Fig. 6.13), despite having smaller 
home ranges (50% and 75% isolines). Therefore female home ranges are 
concentrated upon core areas, and males probably have more forays and less 
concentrated use of a central core area within their home range. Lazenby-
Cohen and Cockburn (1991) suggested that this may be related to energy 
requirements, however, evidence was presented in Chapter 5 that the food 
resources for A. stuartii were unlikely to be different between the major habitat 
zones. Therefore the reason behind these behaviours of A. stuartii at the 
Brisbane Ranges is unclear. 
 
Investigations of the occurrence of the telemetry ‘fixes’ from individual A. 
stuartii within different habitats (Tables 6.1, 6.3a, and 6.3b), demonstrated 
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conclusively that where sufficient positions are obtained (~30 points), this 
species used the available habitat in significantly different proportions to that 
present in the locality. Furthermore, animals not only used habitats 
differentially, but also actively selected habitat that was uninfected by P. 
cinnamomi, and actively avoided habitats that have been exposed to the 
pathogen in either the short or the long term (Tables 6.2, 6.4a and 6.4b).  
 
A significant problem with the chi-squared analyses of habitat utilization that 
has not been commented on in the literature, despite investigations into the 
efficacy of habitat utilization analysis (Aebischer et al. 1993; Alldredge and Ratti 
1986; Nams 1988), is the dilemma of delineating the study and habitat areas. 
Slightly different sized or shaped study areas can dramatically alter the 
proportion of habitat types contained within. This will therefore alter the 
results of statistical assessment of whether the observed number of animal 
positions will match those expected. A formal set of criteria for study area 
selection need to be derived, particularly whether this process should occur at 
the commencement of the study, or whether it may still be valid as a post-hoc 
allocation.  
 
The high levels of significance determined in habitat utilization results in this 
study, coupled with trials at smaller and larger ‘study area’ sizes, and the use of 
several techniques, allows a high level of confidence in the conclusion that A. 
stuartii actively selects habitat that is uninfected by P. cinnamomi, and will use 
the habitat right up to the infection boundary with no ‘edge-effect’ (Fig. 6.10 & 
6.11: Statham and Harden 1982b) . 
 
 6.5.4 Conclusion 
 
Despite differences exhibited between the sexes, A. stuartii preferentially 
selected and utilized habitat that has not been infected with P. cinnamomi.  
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Chapter 7 
 
Habitat manipulation experiment 
 
 
 
 
 
 
_______________________________________________________________________ 
 
7.1 Introduction 
 
This thesis has thus far demonstrated a significant effect of P. cinnamomi upon 
both the abundance and microhabitat selection of A. stuartii on a local scale. In 
both fine and coarse scale investigations the cover of the Austral grass tree (X. 
australis) has been primarily implicated (Table 4.27). The cover afforded by X. 
australis was identified as a critical factor from stepwise multiple regression 
analyses of A. stuartii captures (Table 4.28), and the majority of telemetry fixes 
of A. stuartii were associated with X. australis plants. The telemetric 
investigations from Chapter 6 provided evidence that A. stuartii utilized X. 
australis during foraging, and also as nest sites. All of these results indicated 
that A. stuartii has a high level of dependence on X. australis . 
 
The question then arises of the nature of dependence of A. stuartii upon X. 
australis. Investigations of the abundance of the major macro-invertebrate prey 
items of A. stuartii failed to identify any significant differences between healthy 
areas and those infected with P. cinnamomi, suggesting that habitat selection 
and utilization are unlikely to be nutritionally or energetically based. The above 
results suggested that vegetative cover is of prime importance to A. stuartii 
from not only X. australis, but also low and tall shrubs, but not grasses or 
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sedges. The relationships between the abundance of A. stuartii and structurally 
complex vegetative cover are well supported in the literature (Bennett 1993; 
Moro 1991; Statham and Harden 1982b). Phytophthora cinnamomi has been 
shown to significantly alter the structure of vegetation communities in this 
study and in other investigations (Kennedy and Weste 1986; Weste 1981, 1986), 
and in particular causes the rapid death and collapse of X. australis. Telemetry 
‘fixes’ show that A. stuartii uses its habitat with little or no ‘edge effect’. 
Anecdotal evidence from radiotracking of these animals shows that animals do 
not utilize X. australis showing the earliest signs of chlorosis, but will 
repeatedly use adjacent plants that are showing no signs of infection. This 
suggests that the pathogen has an immediate effect upon X. australis which 
alters the way that A. stuartii uses these components of their habitat. 
 
One of the major criticisms of ecological research from both within ecology and 
in the broader scientific community has been its observational rather than 
experimental basis (Clarke 1993; James and McCulloch 1990; Underwood 1990). 
There is in general a poor history of manipulative studies of habitat to assess 
the effect on faunal communities. Previous experiments have been devised to 
assess the response of invertebrates to cutting (Brown et al. 1990; Morris and 
Rispin 1987), but as far as the author is aware, few specific experiments have 
been conducted and published assessing the effect of structural habitat changes 
to vertebrate populations or communities. Previous authors (Statham and 
Harden 1982a) have suggested that the habitat preferences of A. stuartii be 
investigated by manipulative experiments, such as slashing shrub layers to pre-
determined heights and densities, or altering density of logs.  
 
7.2 Aim 
 
In an attempt to assess whether the structural cover afforded by X. australis is 
important in habitat selection by A. stuartii, an experiment was devised to test 
the hypothesis that A. stuartii are dependent largely upon structural cover in 
their habitat selection, and that the mechanism by which P. cinnamomi  
ultimately effect the habitat utilization of A. stuartii is through the loss of plant 
cover.  
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The specific aim of this experiment was to reduce the amount of vegetative 
cover in an attempt to mimic the early effects of ‘dieback’ disease state caused 
by P. cinnamomi.  
 
7.3 Materials and Methods 
 
This experiment intended to determine the home range of individual A. stuartii 
both prior to, and following the ‘treatment’ of the habitat to modify the 
structure of the vegetation at a portion of the study site.  
 
For the purposes of the experiment it was necessary for at least some of the 
animals to be resident in the same general area. Antechinus stuartii were 
captured in Elliott traps around known nest sites across Grid B, using similar 
techniques to those used in Chapters 5 and 6. Animals were fitted with radio-
collars (Titley Electronics, Australia) that weighed less than 10% of the animals 
body. Typically collars weighing 2.2g were fitted to  animals weighing around 
25g. These radio-collars were heavier than those used in Chapter 6 to give 
extended battery life, so that animals would not have to be recaptured during 
the experiment to fit new radio-collars.  
 
Animals were tracked by hand, using a collapsible 3 element Yagi antenna, for 
three evenings beginning on the 3rd February, 1993. Approximately 30 
independent positions or ‘fixes’ were obtained for each animal by recording 
approximately 10 positions over three nights. This data was analyzed using 
RANGES IV software program (Kenward 1990) to determine the home range of 
the animals by the Harmonic Mean method (Dixon and Chapman 1980; 
Spencer and Barrett 1984). An assessment of the distribution and overlap of 
individual home ranges was made so that the treatment area could be defined. 
This step was necessary so that some animal(s) were retained as ‘controls’, with 
home ranges which were adjacent to, but not overlapping the ‘treatment’ area.  
 
Approximately 0.224 ha. of healthy X. australis were ‘treated’ on 6th February 
with the intention to mimic as closely as possible the early effects of P. 
cinnamomi on X. australis. Several treatment methods were tested. These 
included removal of the ‘skirt’ of dead leaves from the bottom of the plant; the 
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excision of the living leaves from the top of the plant; and the removal of both 
layers of vegetation. The first option was found to be the easiest to perform and 
most closely reflected the early stages of the disease. Permission for this 
treatment within a National Park of an area of not greater than 0.25 ha. was 
granted by the Department of Conservation and Natural Resources - Victoria 
(permit number 923/072). The site chosen was adjacent to an area showing 
symptoms of both active and long-term infection with P. cinnamomi. The leaves 
of X. australis were not removed from the site, and were left undisturbed after 
excision from the plant, in a similar fashion to that which occurs following the 
death of the plant due to P. cinnamomi. 
 
A short acclimatization period of 24 hours was left prior to recommencing 
radio-tracking. The determination of the home ranges of the animals was 
repeated as previously outlined. Home range isolines (Harmonic Mean) of 95%, 
75% and 50% were used to assess the overall home range size, and the core area 
utilization, as previously described in Chapter 6. The home ranges at each of 
these three levels were compared for each animal between pre- and post-
treatment states by assessing both the proportion of areal overlap and the 
actual area of overlap, as well as the proportion of ‘fixes’ within each habitat 
type or ‘treatment’ zone, using the same method as described in Chapter 6. 
RANGES IV software package (Kenward 1990) was also used to calculate the 
consecutive interfix distances for each of the experimental and control animals, 
to assess whether these animals altered their movement patterns following the 
habitat manipulation process. 
 
Habitat utilization analysis was performed using methods previously described 
in Chapter 6. The 'study area' in this case also was delineated by the rectangular 
area enclosing all of the harmonic mean home ranges calculated in this 
experiment. The proportion and absolute area of the different habitat types, 
including the 'treatment zone', was calculated. The 'expected' versus 'observed' 
utilization of these habitat areas was assessed by Chi-squared analysis, along 
with the G-statistic. Habitat selection or avoidance was assessed using 
Bonferonni confidence intervals (Byers et al. 1984; Neu et al. 1974), as previously 
outlined in Chapter 6.  
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7.4 Results 
 
Low capture rates of A. stuartii were experienced at the commencement of this 
study, and only four animals of suitable body size to carry radio-collars were 
obtained. One animal dropped its collar on the first day of the experiment, so 
results from only three animals were obtained. All animals were numbered 
consecutively from the previous year and were recorded as 15¡, 16™, and 17¡. 
The overlap of the home ranges for all three animals prior to treatment are 
shown in Fig. 7.1. This shows some degree of overlap of the first two animals at 
the southern edge of the uninfected, while 17¡ was found to be inhabiting 
uninfected vegetation nearby. A decision was made to ‘treat’ the area shown in 
Fig. 7.1, following the guidelines set by the National Parks Division of the 
Department of Conservation and Environment. The process and results of 
‘treatment’ to the habitat are recorded in Plates 7.1 and 7.2. The difference in the 
structure of X. australis pre and post-treatment can be seen by comparing plants 
from the background and foreground of Plate 7.2.   
 
The results of the home ranges for the three animals are shown 
diagrammatically in Figs. 7.2, 7.3 and 7.4. The results for the 'control' animal 
(17¡, Fig. 7.2) show that this animal did not shift its home range away from the 
area following treatment, and that there continued to be a high degree of 
overlap between the pre- and post-treatment home ranges (Table 7.1). Enlarged 
home range areas were recorded for this animal (Table 7.2), and the 
‘experimental’ animals (Table 7.3), with increases of between 2 and 10 times  
the pre-treatment home ranges being recorded.  
 
The home range of 16™ showed an increase in both the proportion of home 
range and actual areal overlap (ha) of the treatment area following 
manipulation of the habitat (Table 7.3). The core area still retained around 60% 
overlap showing that this animal did not alter its home range substantially in 
response to the habitat treatment. The other 'experimental' animal, 15¡, also 
demonstrated an increase in the size of its home range (ha) following habitat 
manipulation (Table 7.3). Concomitantly there was a decrease in the proportion 
of the isolines overlapping the treatment area. This animal also had a relatively 
low level of overlap between its pre- and post-treatment home ranges (Table 
7.4), ie the habitat utilization of the animal shifted following treatment.
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Plate 7.1 Altering vegetation structure by applying a brushcutter to  
  X. australis. 
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Plate 7.2 Results of alterations to vegetation. 
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fig 7.2
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fig 7.3
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fig 7.4
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Table 7.1 Matrix of overlap between 50%, 75% and 95% Harmonic Mean  
  Isolines for 17¡ , prior to and following habitat manipulation. 
 
 
 
  17¡ pre-treatment 17¡post-treatment
  95% 75% 50% 95% 75% 50%
17¡ 95% 100 73.5 8.0 87.2 71.2 25.7 
pre 75% 100 100 10.3 90.5 77.8 31.8 
 50% 100 100 100 100 100 71.9 
17¡ 95% 23.3 18.2 2.0 100 64.9 21.1 
post 75% 29.0 23.8 3.0 100 100 32.7 
 50% 31.4 27.8 6.2 100 100 100 
 
 
 
 
 
 
Table 7.2 Percentage overlap of Home Range (95%, 75% & 50% Harmonic 
Mean Isolines) and Home Range area (ha) for ‘17 ¡’ in different 
habitat types (ie. infected or uninfected by P. cinnamomi) prior to 
and following manipulation of the habitat. 
 
 
 
Habitat 95% 75% 50% 
 %  Range Area  % Range Area  % Range Area 
Pre-
treatment 
      
uninfected 98.2 0.051 100 0.038 100 0.0033 
Post-
treatment 
      
uninfected 97.7 0.186 99.2 0.122 100 0.0395 
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Table 7.3 Percentage overlap of Home Range (95%, 75% & 50% Harmonic 
Mean Isolines) and Home Range area (ha) for ‘15 ¡’ and ‘16 ™ ’ in 
different habitat types (ie. infected or uninfected by P. cinnamomi) 
prior to and following manipulation of the habitat. 
 
 
   15 ¡    
Habitat 95% 75% 50% 
 %  Range Area  % Range Area  % Range Area 
Pre-
treatment 
      
uninfected 100 0.066 100 0.027 100 0.00042 
treatment 70.2 0.046 84.5 0.023 100 0.00042 
Post-
treatment 
      
uninfected 97.5 0.159 99 0.129 100 0.023 
treatment 41.8 0.068 44.1 0.058 49.1 0.0087 
infected 0.787 0.0013 0.087 0.00011 0 0 
   16 ™    
Pre-
treatment 
      
uninfected 97.2 0.229 96.9 0.198 100 0.018 
treatment 16.7 0.039 15.5 0.032 5.1 0.0009 
infected 0 0 0 0 0 0 
Post-
treatment 
      
uninfected 99.2 0.503 100 0.177 100 0.084 
treatment 28.5 0.145 49.5 0.089 56.3 0.047 
infected 0.298 0.0015 0 0 0 0 
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15¡ also continued to utilize a nest tree north of trapping site ‘34’. Inner core 
areas (75% and 50% isolines) fluctuated as well following treatment, but there 
was still a high degree of overlap with both uninfected habitat and the 
treatment zone. 
 
Of the two ‘experimental’ animals, the one that showed the greatest response to 
the manipulation event was the animal, 15¡, with the greatest pre-treatment 
overlap with the treatment zone. The other experimental animal, 16™, had an 
initial overlap of 16.7% (95% isoline), therefore it was unlikely that this animal 
would have dramatically altered its activity in the disturbed area. In fact this 
animal actually increased the number of telemetry ‘fixes’ from 7 in the 
treatment zone prior to manipulation, to 13 in area following treatment, and 
also demonstrated a large increase in the area utilized (0.039 to 0.145 ha, 95% 
isoline). The two experimental animals prior to treatment did not have a large 
degree of overlap (Fig. 7.1). These animals appear to separate further apart 
spatially following treatment (Figs. 7.3 & 7.4, Table 7.3).  
 
The study area which comfortably enclosed all the home ranges of each animal 
in this investigation was 5.25 hectares. The proportion of this study area, and 
the actual area for each of the habitat types are shown in Table 7.5, and was 
composed primarily of uninfected habitat. 
 
Table 7.5 Proportion and actual area (ha) of habitat types within the study 
area assigned in the habitat manipulation investigation. 
 
Habitat Percentage Area (ha) 
Uninfected 68.5 3.607 
Active Infection 1.8 0.094 
Long-Term Infected 25.5 1.325 
Treatment Zone 4.2 0.22 
 
 
No significant differences were noted in the interfix distances compared for 
individual control and experimental animals prior to, and following, habitat 
manipulation (Fig. 7.5). Chi-squared and 'goodness of fit' (G-statistic) analyses 
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failed to show significant differences in the utilization of the available habitat 
for either pre- or post-treatment for any of the animals radio-tracked. Analyses 
for specific habitat selection or avoidance also failed to show that the animals 
involved either selected or avoided specific habitats prior to the manipulation 
of the habitat, or that habitat preferences were altered following the 
experimental manipulation.  
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Fig. 7.5    Distance (± s.e.) between consecutive fixes for 'control'  
                 (17§ ) and  ’experimental' animals (15 § , 16  ) both 
                 pre- and post habitat  treatment.  
 
7.5 Discussion 
 
The results of this initial experiment indicate that in the immediate period 
following alterations to the structure of the vegetation A. stuartii did not modify 
its utilization of its habitat. This response however occurred differentially 
between the two animals, with one animal increasing its utilization of the 
cleared area, and the other animal decreasing its usage of the same area.  
 
There are a number of problems with these results, and they may be considered 
as invalid and inconclusive for several reasons. Firstly, the number of animals 
available for radiotelemetry was unavoidably low. This was an unfortunate 
outcome, since enough radio-transmitters were available to track at least 6 
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animals, which would have allowed statistical comparisons to be made. 
Secondly, the short response time examined may not provide a truly 
representative reaction of A. stuartii to habitat manipulation. The short-term 
response of animals (and humans) to large scale disturbance may be one of 
shock, and may not involve immediate departure from the area of the 
disturbance. For these reasons it is considered that the results are not 
conclusive, but provide an anecdotal basis of the initial response of A. stuartii to 
ground-level vegetation clearance. 
 
It is therefore suggested that this experiment be repeated with a larger sample 
size, and with post-treatment assessments beginning perhaps one week or more 
after the disturbance event. If this could be accomplished using long-life 
transmitters, or a different circuitry within the transmitter itself, less 
intervention would be necessary with the animals.  
 
Antechinus stuartii has been regarded as a species requiring high levels of 
vegetative cover in its utilization of habitat, and particularly to vegetation levels 
above approximately 1 metre in height. (Bennett 1993; Moro 1991; Statham and 
Harden 1982b). For this reason it was considered likely that A. stuartii would 
immediately respond to the disturbance event by moving away. The vegetation 
altered in the experiment was mostly below 1 metre, and this may account in 
part for the response detected.  
 
Other sources suggest that vegetative cover may not play a strong role in 
habitat utilization of A. stuartii (Barnett et al. 1978; Braithwaite et al. 1978). For 
example Barnett et al. (1978) found a negative correlation with vegetation 
density below one metre. Statham and Harden’s (1982b) suggestion of altering 
the vegetation at various structural levels would therefore still seem to be a 
relevant and pertinent investigation to pursue. 
 
As pointed out in section 7.2, the habitat in this experiment could have been 
manipulated in several ways. The option chosen in this investigation was the 
easiest to perform, by excising the upper level of vegetation from the plant, and 
leaving it where it fell. Other options worthy of investigation include: 
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 -  repeating the experiment as is 
 -  excision of living upright leaves of X. australis, and their removal from 
     the area 
 -  excision of both living and dead leaves (skirt material) only 
 -  excision and removal of both living and dead leaves. 
 
The number of niches and habitats which A. stuartii can utilize across a diverse 
range of environments is wide. Caution should therefore be used in comparing 
results of habitat utilization for this species from this study with work 
performed at other sites in different sorts of habitats, and using different 
techniques or measured variables.  
 
If, contrary to above arguments, these results were accepted as providing a 
valid insight into the response of A. stuartii to manipulation of vegetative 
structure, then the question still remains as to the mechanism by which P. 
cinnamomi influences the altered utilization of habitat by A. stuartii. More 
specifically, if previous results suggest that there is no floristic or 
energetic/food resource basis for the utilization of habitat by A. stuartii in the 
Brisbane Ranges, and the results of this investigation suggest that structure is 
also unimportant, then one is left to ponder what is/are the primary influences 
of the way that this animal uses its habitat.  
 
7.6 Conclusion 
 
The results of this study of habitat manipulation are inconclusive primarily due 
to small sample size and study duration. Therefore this study should be seen as 
preliminary trial prior to repeating the experiment with the use of various 
intensities of habitat manipulation. Perhaps the results from these forthcoming 
experiments will fully elucidate the mechanism(s) by which P. cinnamomi alters 
the environment, and apparently makes it inhospitable for A. stuartii. 
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Chapter 8 
 
General Discussion 
 
 
 
 
 
 
_______________________________________________________________________ 
 
8.1 Summary of results 
 
This thesis has examined aspects of the relationships between small mammals 
and their habitat. In particular, it has focussed on the relationship between 
Antechinus stuartii, its immediate habitat, and the alterations to this habitat that 
occur in response to disturbances by Phytophthora cinnamomi.  
 
The results of Chapter 3 demonstrated on a broad scale a significant linear 
relationship between the density of vegetation up to 40 cm above ground level, 
and the number of individual A. stuartii captured at survey sites in the Brisbane 
Ranges. This general finding provided the impetus to investigate in more detail 
the relationship between A. stuartii and its habitat.  
 
Chapter 4 demonstrated patterns of distribution of plant species either resistant 
or susceptible to P. cinnamomi, which were detectable and consistent across 
both study grids. Significant differences were noted in the structure of the 
vegetation between infected and uninfected sites on each grid. This was most 
likely due to the loss of X. australis. Being the most dominant plant in the 
understorey vegetation at uninfected study sites, and also highly susceptible to 
P. cinnamomi, the loss of X. australis  was considered responsible for the major 
alterations to the structure of the vegetation. Other plant life-form groups such 
as low shrubs were also affected by the pathogen, however the projective 
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foliage cover of the tree species found on each site were not found to be 
significantly different between infected and uninfected sites. Hence the 
manifestation of ‘dieback’ due to P. cinnamomi at the Brisbane Ranges study 
sites was evident from alterations to the understorey, but not the overstorey 
vegetation. The distribution of the pathogen was found to be stable over both 
study grids for the period of this study. 
 
Antechinus stuartii accounted for more than 93% of small mammal captures at 
study sites (Chapter 5). Both sexes of this species were found to consistently 
utilize areas which were not infected with P. cinnamomi on Grid A, while only 
female A. stuartii displayed this response on Grid B. Significant results were 
recorded for altered habitat utilization by male A. stuartii on Grid B, when data 
was pooled across seasons and years, as was the case for females on Grid A and 
both sexes on Grid B.  No significant differences were detected in the number of 
invertebrates in any of the taxa recognized as regular food items of A. stuartii. 
For this reason it was considered that A. stuartii behaviour was unlikely to be 
regulated by prey item availability. Multivariate analyses of the relationship 
between A. stuartii captures and individual trap site habitat variables, found the 
most consistent variable to be the cover afforded by X. australis and shrubs. For 
this reason it was considered that A. stuartii response to P. cinnamomi was 
regulated by the volume of vegetative cover at the structural levels closest to 
the ground. 
 
The utilization of habitat by A. stuartii was also investigated in more detail 
using radiotelemetric methods (Chapter 6). Antechinus stuartii was found to use 
uninfected habitat almost exclusively while foraging, and commonly nested at 
ground level in the skirt of large, healthy X. australis plants. Some individuals 
were found to nest in trees in open, infected areas, however foraging took place 
in uninfected ground level habitat. Antechinus stuartii was found to prefer 
uninfected habitat, and avoid areas infected by P. cinnamomi. Attempts to 
manipulate the habitat to mimic the early effects of P. cinnamomi (Chapter 7) 
provided inconclusive results of A. stuartii’s response, due to the small data sets 
obtained from the experiment.  
 
8.2 Efficacy of trapping and telemetry techniques 
 
The efficacy of trapping and telemetric methods of investigating habitat 
utilization can be compared from the results of this study. In both cases the 
datum required is positional fixes across time, or areas utilized by animals. 
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Radiotelemetry was much more efficient at providing these data in the shortest 
space of time, and therefore minimized the effects of seasonal variation. The 
efficacies are evidenced by the differences in home range measurements using 
the two techniques. Trapping home range sizes were always less than 0.1 ha 
(75% Harmonic Mean isoline: Fig. 5.10), while those assessed using the same 
home range measure with telemetry data identified home ranges from 0.5 to 1.5 
ha in size. However, telemetry studies are not without associated problems of 
technical difficulties and failures, finance and adequate man-power. It is also 
not always possible to recapture individual animals for repeated telemetry 
sessions, and this represents a limitation of repeatability. Overall, for the effort 
exerted in a field study of this type, radiotelemetry provided the best data set, 
in the shortest possible time, and with the best resolution possible. For these 
reasons, particularly the reasons of accuracy, telemetry is considered the prime 
technique for habitat utilization studies for small vertebrates. 
 
8.3     Habitat utilization by A. stuartii, and responses to disturbance  
 by P. cinnamomi 
 
The effects of P. cinnamomi on vegetation have been reported for many natural 
communities in Victoria and Western Australia (Kennedy and Weste 1986; 
Weste 1974, 1975, 1986; Wills 1993), however the subsequent and indirect effects 
of the pathogen on the associated faunal communities have been hypothesized 
(Kennedy and Weste 1977, 1986; Weste 1986) but have not been thus far 
identified.  
 
Small mammals, as with most other organisms, are highly dependent upon 
their habitat for survival. The critical elements that ecologists have commonly 
considered important in the regulation of population dynamics of small 
mammals have included food availability (Ford and Pitelka 1984; Smith 1971), 
water (Ford and Pitelka 1984), nest sites (Lindenmayer et al. 1990a), predators 
(Lack 1954) and competition (Dickman 1984, 1986a, 1986b). Habitat structure is 
also of critical importance in the support of faunal communities (McCoy and 
Bell 1991; Morrison et al. 1992; Patton 1992). Habitat structure is likely to 
influence the associated fauna in two major ways: a) indirectly by providing an 
appropriate microclimate, and b) directly by providing food, nest sites, 
allowing mating and egglaying to take place (Brown 1991). Consequently, P. 
cinnamomi  may possibly affect the habitat of small mammals and invertebrates 
in several different ways. 
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 Microclimate 
 
The role of the microclimate in the utilization of habitat by A. stuartii is likely to 
be an important factor, however no specific microclimate data were collected in 
this study. Anecdotal evidence from this study showed that even following 
heavy rainfall the under-skirt of medium to large sized (>1.2 m) X. australis 
plants were completely dry and suitable for nesting. During this study 
hypothermic animals were occasionally retrieved from traps. These animals 
generally had a high mortality rate if warmed in the pocket of the operator, 
though leaving the animal beneath the skirt of X. australis, even in cold and wet 
conditions, often resulted in the animal’s survival and later recapture. This 
information, along with the results of radiotelemetry investigations, suggested 
that the underside of X. australis plants may provide a suitable microclimate for 
A. stuartii.  
 
 Food resources of A. stuartii  
 
Microclimate may also affect other faunal components of a community such as 
invertebrates. Various invertebrate taxa have been shown to be highly 
dependent upon the physical structure and architecture of their habitat (Denno 
and Roderick 1991; Morris and Rispin 1987; Uetz 1991), and disturbance events 
can lead to dispersal and changes to the assemblages of invertebrates 
(Schowalter 1985). However, the results of this study failed to identify any 
significant differences in the abundance of larger invertebrates between 
infected and uninfected sites. Consequently, it was considered unlikely that 
there were any differences in the availability of food resources for A. stuartii at 
ground level in the various habitats or disease states. These results are contrary 
to those found by Postle et al. (1986), who found large differences in the litter 
invertebrate fauna in diseased areas when compared to areas uninfected by P. 
cinnamomi in a Jarrah forest in Western Australia. However, Postle’s study was 
undertaken at a different locality with a different disease expression, where 
there were large losses of canopy cover from the Jarrah trees. In addition, no 
statistical tests were used by Postle et al. (1986) to verify the significance of the 
differences detected. 
 
More detailed investigations of the invertebrate fauna in different diseased 
states is certainly warranted and required to assess how this part of the faunal 
community responds to disturbance by P. cinnamomi. The invertebrate study in 
this thesis used a regular spacing of pitfall traps to determine invertebrate 
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activity and abundances. For further investigations of the effects of vegetation 
structure and the effect of P. cinnamomi a more rigorous experimental design is 
needed to assess the invertebrate populations directly associated with X. 
australis in various disease states. These disease states would include healthy 
plants, plants with early symptoms of infection, and complete crown collapse. 
Ideally this experiment should incorporate pre- and post-infection assessment 
of a groups of X. australis plants at similar times of the year.  
 
 Nest sites 
 
Antechinus stuartii is generally regarded as a scansorial species foraging at 
ground level and commonly nesting above ground in the tree canopy 
(Braithwaite 1983; Lindenmayer et al. 1990a, 1991). At the Brisbane Ranges A. 
stuartii was found to commonly nest at both ground and above-ground levels. 
No significant differences were detected in the number of potential nest sites 
above ground, within the dominant Eucalyptus spp. in this study. Despite the 
low mammalian species diversity in the Brisbane Ranges (Conole and 
Baverstock 1988; Hampton 1971; Pescott 1968), it is unlikely that there would 
not be some competition for arboreal nest site resources. Species which may 
compete with A. stuartii for arboreal nest sites in this study included Petaurus 
breviceps (sugar glider), Phascogale tapoatafa (tuan) and Pseudocheirus peregrinus 
(ring-tailed possum). Antechinus stuartii has been shown to share nest sites with 
other larger arboreal species such as the Bobuck (Trichosurus caninus) and sugar 
glider (P. breviceps) in montane forest (Lindenmayer et al. 1990a, 1990b, 1991). 
Hence competition for nest sites may occur with other species present at the 
study sites. Antechinus stuartii may prefer the use of smaller nest entrances or 
crevices (Lindenmayer et al. 1991) which preclude nest site competition with 
larger species at the study sites. Anecdotal evidence from the Anglesea 
heathlands has shown that A. stuartii rotated use of a single nest site in a dead 
X. australis stump with other small mammals such as Sminthopsis leucopus 
(White-footed Dunnart) and Cercartetus nanus (Eastern Pygmy-Possum) (J. 
Aberton and S. Laidlaw pers. comm.).  
 
Another possible reason for the use of ground-level nest sites by A. stuartii may 
be the lack of competition with any other ground-dwelling small mammals for 
nest sites, since no other species were captured in the four year trapping period. 
Antechinus stuartii is known to alter its spatial use of available nest sites in 
response to interference competition from other small mammal species such as 
A. swainsonii (Dickman 1986a, 1986b). Therefore at the study sites assessed A. 
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stuartii appeared free to utilize ground-level nest sites and habitat unhindered 
by competition. The use of ground-level nests may also be explained in part by 
a lack of predation. It is assumed that there was no threat from predators at 
ground level, as no evidence of foxes or cats was detected in the 4 years of grid 
trapping. It is also assumed that if predators were a constant threat, then A. 
stuartii would not nest at ground level with the same frequency and would 
maintain more scansorial habits.  
 
One factor which may be implicated in explaining the altered habitat utilization 
of A. stuartii  is a reduction in the number and/or availability of nest sites at 
ground level. Most nest sites located at ground level using radiotelemetry on A. 
stuartii were associated with X. australis, and ground-level positions of A. 
stuartii associated with X. australis  accounted for the majority of positional 
fixes. Xanthorrhoea australis plants suitable for nests sites appeared to be of a 
minimum critical diameter and height. The estimated minimum height of the 
meristem or growing centre of X. australis plants suitable for nesting appeared 
to be about 1.2 m. The diameter of the crown of X. australis did not appear to 
vary with height of the plant after it started to retain dead leaves as a ‘skirt’ 
around the plant. These dead leaves of the plant were likely to be the most 
important attribute in providing nest sites for A. stuartii. This is reinforced by 
the frequency of bird species using Xanthorrhoea spp. as nesting sites (Brooker 
and Rowley 1991). The rate of deposition of these dead leaves can be quite slow 
(10 kg/40 years - shaded site, 10 kg/20 years unshaded site; Gill and Ingwersen 
1976). Considering the slow growth rates of X. australis at selected woodland 
sites of 9 mm year-1 and tardy germination times (Gill and Ingwersen 1976), it 
is likely that most of X. australis plants with which A. stuartii are associated are 
many decades old at a very minimum. It is also apparent from these growth 
rates that it will take many more decades for X. australis plants to attain 
adequate size to provide appropriate habitat for A. stuartii in any post-infection 
recovery. Therefore, the greatest threat to habitat loss for A. stuartii at the 
Brisbane Ranges is through the rapid death of X. australis due to P. cinnamomi, 
the slow growth rates of this plant, and the possible suppression of 
regeneration of X. australis due to the pathogen (Dawson et al. 1985). 
 
8.4 Phytophthora cinnamomi as a disturbance factor 
 
Examples of disturbances by fungi and other pathogens have tended to focus 
on extreme examples such as Dutch Elm disease. Pathogens of a more cryptic 
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and insidious nature have largely been ignored in the past, yet are proximately 
involved in fragmentation and operate as major selective forces in the evolution 
of plants and plant communities (Burdon 1991).  
 
Phytophthora cinnamomi may operate as a disturbance factor in several ways, 
notably by altering the composition and structure of plant communities (Weste 
1986; Weste and Marks 1987; Wills 1993). However, there is an emerging 
perception that P. cinnamomi may operate in a similar way to other disturbance 
events by fragmenting the communities which it infects (Burdon 1991). Other 
disturbance factors, as discussed in Chapter 2, may lead to an increase in 
habitat heterogeneity. From the observations made in this thesis it could be 
argued that Denslow’s (1985) model of relationships between diversity and 
disturbance (see Fig. 2.1) does not apply to P. cinnamomi-induced disturbance 
events in the Brisbane Ranges, since secondary succession is extraordinarily 
slow, and species diversity does not appear to recover following infection.  
 
A modification of Denslow’s (1985) model is proposed (Fig. 8.1), which may be 
more appropriate for the community response to disturbance by P. cinnamomi. 
In terms of both floristic and structural characteristics of the vegetation, P. 
cinnamomi appears to rapidly lead to a decrease in diversity, since even resistant 
plant species do not escape the infection process (Halsall 1978). The level of this 
destruction is dependent upon soil fertility and structure, free water and 
temperature, and can therefore be very site specific. Plants that are resistant to 
P. cinnamomi can harbour the pathogen and act as a ‘reservoir’ for further 
infections leading to repeated infestations (Weste and Marks 1978). Hence a 
plateau effect in the species richness of the area may be evident for some time 
prior to eventual colonization by exogenous resistant species. This increase in 
species richness is however, unlikely to exceed pre-infection levels. 
 
The dynamics of this model are likely to be very site dependent. The 
disturbance gradient (line ‘x’) will be highly dependent on many factors listed 
above (soil, temperature, etc.), as well as the floristic composition of the 
community (ie. the proportion of highly susceptible plant species). The 
recovery gradient (line ‘y’) is unlikely to be steep, but also may depend on 
other site factors such as the number of ‘reservoir’ species present, and changes 
in soil and litter microclimate following infection, growth rate of colonizers and 
reserves of soil-stored seed. 
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Response of a community to disturbance events through time will generally 
lead to a recovery of the vegetation and faunal components of that community 
(secondary succession). This scenario is well described for community 
responses to fire (Gill et al. 1981) and mining (Fox and Fox 1978) in Australian 
ecosystems. Disturbance events such as fire and infestation by P. cinnamomi 
have common elements in the rapid destruction of the vegetation communities, 
however there are large differences in the rate of recovery from P. cinnamomi. 
The inertia (resistance to change) and resilience (degree, manner and pace of 
restoration) of the community (Westman 1986) to disturbance by P. cinnamomi 
are essentially unknown, and are likely to be long term and largely 
unpredictable (Burdon 1991). The concept of secondary succession necessarily 
following disturbances may be a general paradigm, yet it remains to be seen to 
what degree plant communities can recover from disturbance by P. cinnamomi 
given the large alterations to species composition (Grubb and Hopkins 1986).  
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Fig. 8.1     Hypothetical relationships between diversity, time and disturbance due to  
                 P. cinnamomi  in the Brisbane Ranges, Vic. 
                 ‘x’ = disturbance gradient, ‘y’ = recovery gradient. 
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To draw comparisons with other post-habitat-disturbance successional events, 
it has been predicted that regeneration of sand mining sites to an adequate 
stage to support Psuedomys novaehollandiae (an early successional small 
mammal species), may take around 20 years (Fox and Fox 1978). Post-fire 
recovery of small mammal populations following fire have been shown to be 
well advanced after only a few years post-fire (Fox and McKay 1981; Fox 1982; 
Wilson et al. 1990). Disturbances of X. australis from fire may present immediate 
loss of habitat to A. stuartii, however, the rapid resprouting of the plant (Gill 
and Ingerwersen 1976) would allow for eventual recolonization by this and 
other animal species.  
 
Disturbances from P. cinnamomi, on the other hand, are likely to lead to a much 
slower rate of secondary successional changes due to the aggressive nature of 
the pathogen, its continued presence in the soil following invasion, and its wide 
host range (Burdon 1991). There has so far been only one report on initial stages 
of recovery of habitat from P. cinnamomi (Dawson et al. 1985; Weste 1986, 1993). 
Nine (9) new plants of X. australis have been noted in a 48.8 x 48.8 m area in the 
Brisbane Ranges 30 years following the original infection, and other susceptible 
species such as Leucopogon virgatus and Monotoca scoparia have been noted 23 
years post-infection (Weste 1993). However, the structure of the vegetation at 
this site in recovery is significantly different to that of the original habitat 
(Dawson et al. 1985).  
 
The poor prognosis for recovery of X. australis plants suggests a very slow 
return of ground-level nesting sites for A. stuartii following infection of sites 
with P. cinnamomi  at the Brisbane Ranges. This poor prospect for secondary 
succession is one of the major differences between P. cinnamomi infestation, and 
other disturbance factors (Burdon 1991). This response of plant communities to 
P. cinnamomi coincides well with the perception of P. cinnamomi as a recent 
invader of Australian native plant communities (Weste 1974; Weste and Marks 
1974), rather than as normal inhabitant initiated or encouraged following 
disturbance (Shephard 1975).  
 
Therefore it is considered that the rapid loss of X. australis following infection of 
habitat at the Brisbane Ranges with P. cinnamomi represents perhaps the 
greatest immediate cause of alterations to habitat utilization by A. stuartii in this 
area. 
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8.4 Implications for conservation biology and management  
 
The implications of infestation by P. cinnamomi on the management of natural 
areas have been recognized since the early 1970’s, particularly in the area of 
forestry and the potential for losses in timber production. The effect of the 
pathogen on understorey vegetation has also been recognized by several 
authors as a threat to floristic and structural diversity of many different 
vegetation communities. (Kennedy and Weste 1977, 1986; Podger and Brown 
1989; Weste 1974, 1975, 1986; Wills 1993).  
 
While the protection of economically and environmentally high value 
vegetation communities from P. cinnamomi is an important consideration, it 
should not be at the expense of other vegetation communities that are not as 
highly valued by governments or commercial forestry operations. Woodland 
communities which were once a dominant part of the landscape of southern 
and eastern Australia have now severely contracted, and are generally found 
on soils of poorer structure and fertility, and often in environmentally stressed 
areas (Traill 1992). From the viewpoint of conservation of flora and fauna, 
forests, woodlands and heathlands, many of which are highly susceptible to P. 
cinnamomi, should not be seen as less important than other natural plant 
communities of higher economic or aesthetic value. 
 
The potential for damage to entire communities by P. cinnamomi has been 
identified by the management authorities in both Victoria and Western 
Australia, where the greatest disturbances of natural areas has occurred 
(Disken 1991, Disken et al. 1993; Department of Conservation and Land 
Management (W.A.) 1990). Phytophthora cinnamomi has been listed as a 
threatening process for Victorian plant communities under the Flora and Fauna 
Guarantee Act (Scientific Advisory Committee 1991), and draft policies on the 
control of P. cinnamomi in National Parks and other public lands have been 
produced (Disken 1991, Disken et al. 1993). Successive drafts of policy 
documents regarding the control of the pathogen on public lands in Victoria 
has seen the prescriptive nature of the policy ‘watered down’. For example, 
policies on cleaning of earthmoving vehicles into or out of National Park areas 
have now been re-written more as guidelines, and include ‘if necessary’ 
clauses, rather than mandatory compliance for the control of P. cinnamomi.  
 
Risk assessment of commercial forests in Western Australia led to large areas 
being quarantined to vehicle and foot traffic to reduce the risk of infection. 
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Quarantine continues to be a major part of management policy in Western 
Australia (Department of Conservation and Land Management (W.A.) 1990), 
but has never been implemented in Victoria. Current draft guidelines for the 
management of P. cinnamomi in Victoria (Disken et al. 1993) do not suggest that 
this practice be undertaken in Victoria. Quarantine may be the only effective 
method of conservation management of natural areas, since chemical means 
have limited use in the field, and other techniques such as altering drainage 
patterns may exacerbate the spread of the disease, rather than contain it. 
 
The identification of commercial forests which were at risk from the disease 
was a process that was undertaken rapidly when the potential loss from P. 
cinnamomi was first recognized. This kind of investigation however has not 
been performed for other floristic communities at risk, and is likely to be of 
importance in the conservation of both flora and fauna. Apart from identifying 
floristic communities at risk from P. cinnamomi, public land management bodies 
should in future also identify faunal communities which may also be at high 
risk from P. cinnamomi. It is essential that fauna that may be highly dependent 
upon specific plants susceptible to P. cinnamomi are identified, and that 
appropriate steps are taken to minimize the introduction of the pathogen.  
 
Antechinus stuartii is perhaps one of the most common small mammal species 
throughout Australia. Other small mammal species, like A. stuartii, are 
dependent upon their immediate environment for survival. This raises the 
question of whether other small mammal and faunal species may be similarly 
affected by P. cinnamomi? This is a distinct possibility in communities where P. 
cinnamomi is a disturbance factor, and may be of critical concern in the 
conservation of rare and endangered fauna. If the habitat utilization of a 
habitat-generalist such as A. stuartii can be significantly affected by P. 
cinnamomi, then it is highly likely that other habitat-specific species may also be 
profoundly affected by the pathogen. These species may include some rare 
and/or endangered small mammal and other vertebrate species. Considering 
the lack of knowledge of the response of faunal communities to the destruction 
of habitat by P. cinnamomi, it is of critical importance that highly susceptible 
floristic communities are identified and managed appropriately. 
 
In summary, management policy guidelines for all public lands should take 
into account the risk to faunal as well as vegetation communities when 
identifying areas that are potentially at high risk from P. cinnamomi. 
Management policy for areas to minimize the spread of P. cinnamomi should be 
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considered prescriptive and mandatory, rather than as a ‘guideline’ for the 
protection of areas. 
 
8.5 Conclusions and proposals for future work 
 
Phytophthora cinnamomi exhibited an effect upon A. stuartii in several ways. The 
reduction in the abundance of A. stuartii at infected sites in the Brisbane Ranges 
may be due to the loss of vegetative cover which may shield this small mammal 
from aerial predators such as owls, which frequent the area. Alternatively, the 
decrease in abundance may be related to a reduction in nest sites. However, 
both of these explanations appear simplistic in the light of anecdotal evidence 
from radio-telemetry data. Antechinus stuartii were never found associated with 
X. australis that had the earliest symptoms of disease from P. cinnamomi, and 
they utilized healthy X. australis right up to the infection boundary with no 
apparent ‘edge effect’ (Statham and Harden 1982b). Therefore it appeared that 
A. stuartii  avoided X. australis from the first symptoms of minor chlorosis of the 
leaf tips, although the rest of the plant remained green, and the crown and skirt 
appeared completely intact. This raises the question of what has altered within 
the X. australis that makes it no longer attractive to A. stuartii, and how does A. 
stuartii  detect the early stages on infection? 
 
Several investigations could be pursued to investigate this apparent preference 
for healthy X. australis. One possibility is to investigate the mechanism(s) by 
which A. stuartii detect the earliest demonstrable stages of infection and alter 
their utilization of habitat accordingly. This may be investigated through 
changes in reflected wavelengths of light (IR or UV), or investigation of other 
potential cues. Another research proposal that was suggested above, was to 
investigate the abundance of invertebrates directly associated with X. australis 
in various disease states. 
 
In conclusion, this thesis has demonstrated the significant ecological effect of P. 
cinnamomi on the utilization of habitat by A. stuartii. The proximate causes of 
these changes were difficult to firmly elucidate in this study, but are most likely 
to be in response to the altered vegetative structure necessary for foraging 
and/or nesting, rather than others such as food availability or nest sites in trees. 
If the effects of this pathogen are extrapolated to other vertebrate species highly 
dependent upon the understorey vegetation and habitat structure, then the true 
ecological effects of P. cinnamomi in native vegetation communities may be 
much more extensive than currently recognized.  
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Appendix 1  Mean maximum and minimum temperatures (± s.d.) for  
  Ballarat (a), Laverton (b) and Norlane (c) between 1971 to 1991. 
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Appendix 2 List of plant species and abbreviations for Grids A and B in 
Chapter 4. ‘*’ denotes introduced species 
 
 
Plant Species Abbreviation
Acacia acinacae A.acina 
Acacia mearnsii A.mearns 
Acacia mitchellii A.mitch 
Acacia paradoxa A.paradox 
Acacia pycnantha A.pycnan 
Acrotriche serrulata A.serrul 
Astroloma humifisum A.humifi 
Banksia marginata B.margin 
Billarderia procumbens B.procum 
Brachyloma ciliatum B.ciliat 
Brunonia australis B.austral 
Burchardia umbellata B.umbell 
Correa reflexa C.reflexa 
Cassytha glabella C.glabell 
Dianella revoluta D.revol 
Dillwynia sericea D.serice 
Drosera spp. Dros spp 
Epacris impressa E.impres 
Eucalyptus baxteri E.baxt 
Eucalytpus dives E.dives 
Eucalytpus leucoxylon E.leuco 
Eucalytpus polyanthemos E.poly 
Eucalytpus obliqua E.obliqu 
Eucalytpus sideroxylon E.sidero 
Eucalytpus viminalis E.vimin 
Eucalytpus macrorhynca E.macro 
Gahnia radula G.radula 
Glossodia major G.major 
Gompholobium heugleii G.heugl 
Goodenia geniculata G.genic 
Gonocarpus tetragynus G.tetrag 
Helichrysum spp. Heli spp 
Helichrysum obcordatum H.obcord 
Hibbertia stricta H.stricta 
Hovea linearis H.linear 
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Appendix 2 List of plant species and abbreviations for Grids A and B in 
Chapter 4. ‘*’ denotes introduced species 
 
 
 
Plant Species Abbreviation
Isopogon ceratophyllus I.cerato 
Kunzea ericoides K.ericoi 
Laxmania orientalis L.orient 
Leucopogon virgatus L.virgatus 
Leptospermum continetale L.continent 
Leptospermum myrsinoides L.myrsin 
Leptospermum lanigerum L.laniger 
Leptospermum continentale L.juniper 
Monotoca scoparia M.scop 
Opercularia varia O.varia 
Pimelia humilis Pi.humilis 
Pimelia linifolia P.linifo 
Platylobium obtusangulum P.obtus 
Poa spp. Poa spp 
Pultenea gunnii P.gunnii 
Pultenea humilis Pu.humil 
Pultenea pedunculata P.pedunc 
Poranthera microphylla P.micro 
Selaginella spp. Selag spp 
Senecio tenviflorus S.tenvif 
Vulpia bromoides * V.bromo 
Wahlenbergia spp. Wahl spp 
Xanthorrheoa australis (alive) Xa (live) 
Xanthorrheoa australis (dead) Xa (dead) 
moss moss 
bare ground B.g. 
logs logs 
Litter Litter 
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Appendix 3 Summary table of membership composition of groups of number  
  of plant species using linear discriminant analysis for Grid A. 
 
 
Actual Group 
Membership 
 Predicted Group Membership  
 No of cases Group 1 Group 2 Group 3
Group 1 30 30 
100% 
0 0 
Group 2 11 0 11 
100% 
0 
 
Group 3 59 0 0 
 
59 
97.0% 
 
 
  Grid A Canonical Discriminant Functions 
 
 
Function Eigenvalue % of 
Variance 
Canonical Correlation 
1 12.667 72.6 0.9627 
2 1.874 27.4 0.8075 
  2 
 
 
Appendix 4 Summary table of membership composition of groups of number  
  of plant species using linear discriminant analysis. 
 
 
Actual Group 
Membership 
  Predicted Group Membership  
 No of cases Group 1 Group 2 Group 3
Group 1 39 39 
100% 
0 0 
Group 2 26 0 26 
100% 
0 
Group 3 35   35 
100% 
 
 
  Grid B Canonical Discriminant Functions 
 
 
Function Eigenvalue % of 
Variance 
Canonical Correlation 
1 12.946 70.9 0.9635 
2 5.309 29.1 0.9173 
 
 
 
 
 0-20 20-40 40-60 60-80 80-100 100-120 120-140 140-160 160-180 
0-20          1
20-40 0.7282         1
40-60 0.6672 0.9134        1
60-80 0.6451 0.8086 0.9084       1
80-100 0.6303 0.7823 0.8701 0.9218      1 (a) 
100-120          0.5461 0.5892 0.6736 0.8032 0.8608 1
120-140          0.3481 0.2558 0.319 0.5288 0.5519 0.7595 1
140-160          0.3671 0.2604 0.2804 0.4764 0.4379 0.7203 0.891 1
160-180          0.2657 0.2653 0.2765 0.3287 0.2439 0.4793 0.4926 0.6724 1
 
 0-20 20-40 40-60 60-80 80-100 100-120 120-140 140-160 160-180 
0-20          1
20-40          0.69 1
40-60 0.6605 0.9035        1
60-80 0.6269 0.853 0.9082       1
80-100 0.5959 0.7541 0.8547 0.9207      1 (b) 
100-120          0.4289 0.5258 0.6249 0.7181 0.851 1
120-140          0.2158 0.2516 0.3845 0.528 0.5923 0.7295 1
140-160          0.0704 0.0561 0.0811 0.2271 0.3271 0.5528 0.6612 1
160-180          0.0584 0.0863 0.0714 0.2479 0.3379 0.5713 0.5551 0.7309 1
 
Appendix 5 Correlation Matrix of interrelationships between vegetation structural levels  
  on Grids A (a) and B (b). 
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Appendix 6  Galt’s Solution  
 
 
 
Normal Strength 150-200ml /trap 
 
250g  NaCl 
50g  KNO3 
50g  Chloral Hydrate 
 
  dribble of glycerine 
 
add H2O to make up to 5 litres 
 
 
 
In winter a double strength soultion was used at 100-150 ml/trap, and in summer 
a half-strength mixture of 300 ml/trap was used. 
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Appendix 7 Trap Deaths of A. stuartii 
 
 
Grid A 
 
Date Site Animal ID
   
18/5/89 A52 31¡ 
5/10/89 A11 45™ 
16/5/90 A3 8¡ 
18/7/91 A63 40¡ 
11/2/92 A9 2™ 
18/7/92 A11 16¡ 
 
 
Grid B 
 
 
Date Site Animal ID
   
17/5/89 B57 30¡ 
13/7/89 B28 53™ 
4/10/89 B29 59™ (10 pouch young) 
15/5/90 B16 ? ™ 
15/5/90 B39 19™ 
15/5/90 B100 ? ¡ 
15/5/90 B93 ? ¡ 
17/5/91 B32 1¡ 
17/5/91 B95 15™ 
8/6/91 B61 68¡ (telemetry) 
8/6/91 B98/99 66¡ (telemetry) 
8/7/91 otherside Friday's Tk 56™ (squashed -telem) 
20/7/91 B50 74™ 
26/7/91 B40/50 76¡  
28/7/91 B1 69¡ (squashed -telem) 
28/7/91 B71 67™ (telemetry) 
31/7/91 B61 (nest tree) 51¡  
4/10/91 B11 62™ (10 pouch young) 
4/10/91 B66 59™ (10 pouch young) 
22/6/92 B54 13¡ (fitting collar) 
 
  4 ™  1989-90 (n=8)  5 ¡  1992 (n=13)  8 ™  1989-90 (n=8) 
% H.M. 100 90 75 50 100 90 75 50 100 90 75 50 
Area (ha)             0.106 0.097 0.08 0.061 0.08 0.057 0.053 0.0063 0.284 0.223 0.143 0.077
‘North’             93.4% 93.2% 94.1% 100% 72.9% 73.6% 73.3% 80.5% 91.6% 94.2% 98.2% 100%
P.c.      6.6% 6.8% 5.9%  27.1% 26.4% 26 .7 % 19.5% 8.4% 5.8% 1.8%  
P.c. - ‘i’             
  11 ™  1990 (n=8)  16 ™  1990-91 (n=10)  22 ™  1990-91 (n=21) 
% H.M. 100 90 75 50 100 90 75 50 100 90 75 50 
Area (ha)             0.217 0.102 0.086 0.045 0.112 0.072 0.035 0.019 0.838 0.221 0.05 0.028
‘North’             87.5% 95.8% 100% 100% 100% 100% 100% 100% 99.7% 100% 100% 100%
P.c.             11.70% 4.2% 0.3%
P.c. - ‘i’ 78%            0.  
  35 ¡  1991 (n=12)  39 ™  1991-2 (n=18)  41 ™  1991 (n=22) 
% H.M. 100 90 75 50 100 90 75 50 100 90 75 50 
Area (ha)             0.177 0.114 0.086 0.033 0.477 0.218 0.111 0.031 0.424 0.314 0.214 0.044
‘North’             49.5% 39.0% 32.7% 39.2% 92.9% 93.0% 93.9% 93.2% 100% 100% 100% 100%
‘South’             
P.c.          50.5% 61.0% 67.3% 60.8% 7.1% 7.0% 6.1% 6.8% 
  44 ™  1991-2 (n=15)  45 ™  1991-2 (n=14)  46 ¡  1991 (n=10) 
% H.M. 100 90 75 50 100 90 75 50 100 90 75 50 
Area (ha)             0.19 0.174 0.092 0.059 0.253 0.226 0.048 0.0006 0.057 0.054 0.032 0.0026
‘North’             100% 100% 100% 100% 2.4% 0.9% 1.4% 0.3%
‘South’           17.40% 17% 7.50% 24.3% 24.3% 28.2% 44.4%
P.c.            81.20% 82.10% 92.50% 100% 71.7% 73.3% 69% 55.6%
P.c.'h'           0.2% 0.10% 
P.c. 'm'             2.4% 2.0% 2.8%
 
 
Appendix 8.1 Home Ranges (H.M.) and habitat utilization of A. stuartii as measured from  trapping data from Grid B. 
    % H.M. = % isoline from harmonic mean home range, habitat areas relate to Fig. 6.1. 
   Areas listed (‘North’, ‘South’, ‘P.c.’, etc.) relate directly to Fig. 6.1, p.184. 
 
 
 
 
  50 ¡  1991 (n=8)  53 ™  1991 (n=10)  56 ™  1991 (n=10) 
% H.M. 100 90 75 50 100 90 75 50 100 90 75 50 
Area (ha)             0.0399 0.0199 0.0121 0.0008 0.086 0.035 0.022 0.005 0.073 0.064 0.023 0.0069
‘North’             92.9% 98.7% 100% 100% 100.0% 100.0% 100.0% 100.0% 64.6% 65.5% 73.4% 93.9%
P.c.           35.0% 34.5% 26.6% 6.1%
P.c. 'f'        .4%   0    
  59 ™  1991 (n=12)  62 ™  1991 (n=12)  65 ¡  1991 (n=9) 
% H.M. 100 90 75 50 100 90 75 50 100 90 75 50 
Area (ha)             0.176 0.098 0.069 0.012 0.202 0.106 0.056 0.044 0.04 0.027 0.0017 0.0012
‘North’             10.6% 10.2% 11.7% 8.6% 70.2% 72.9% 79.8% 82.6% 99.1% 99.2% 100.0% 100.0%
‘South’ 6.4% 2.8% 0.5%          
P.c.              80.2% 86.0% 87.5% 91.4% 23.2% 25.3% 19.3% 15.5% 0.9% 0.8%
P.c.'e'     .4%        4  
P.c. 'g'              2.2% 1.8% 0.9% 1.9%
P.c.'i'             0.6% 0.3% 0.3%
P.c. 'm' .2% .7%           2 0
  68 ™  1991 (n=8)         
% H.M. 100 90 75 50         
Area (ha) 0.256 0.163 0.129 0.039         
‘North’ 83.6% 91.8% 97.4% 100%         
P.c.            6.4% 8.2% 2.6%
 
 
Appendix 8.2 Home Ranges (H.M.) and habitat utilization of A. stuartii as measured from  trapping data from Grid B.  
  % H.M. = % isoline from harmonic mean home range, habitat areas relate to Fig. 6.1. 
  Areas listed (‘North’, ‘South’, ‘P.c.’, etc.) relate directly to Fig. 6.1, p.184. 
 
Season/Year  Coleoptera  Groups *  Hemiptera  Groups * 
    within #    within # 
 Group 1 Group 2 Group 3 season ^ Group 1 Group 2 Group 3 season ^ 
Summer 1990 3.625 3 5 n.s. 1990 0.187    0 0.392 n.s. 1990
 ±0.767         ±1.065 ±0.876 ±0.135 ±0 ±0.188  
Autumn 1990 12.875 6.833 9.714 n.s. * n.s. 0.125 0.333 0.107 n.s. * n.s. 
 ±1.904          ±1.302 ±1.276 # F=36.35 ±0.085 ±0.211 ±0.078
Winter 1990 3.25 2.667 2.321 n.s. p=0.0001 0 0.333 0.036 1 vs 2 # n.s. 
 ±0.686        ±.085 ±0.296 ^ n.s. ±0 ±0.211 ±0.036 2 vs 3  
Spring 1990            2.063 2.167 3.357 n.s. 0.188 0 0.214 n.s. ^ n.s.
 ±0.544          ±0.543 ±0.618 ±0.101 ±0 ±0.149
Summer 1991 1.438 0.833 2.930 1 vs 3 1991 0    0 0.036 n.s. 1991
 ±0.563          ±0.307 ±0.499 ±0 ±0 ±0.0356
Autumn 1991 0.438 0.333 1.143 n.s. * F= 4.513 0.063 0 0.036 n.s. * n.s. 
 ±0.182          ±0.333 ±0.228 p= 0.0161 ±0.063 ±0 ±0.036
Winter 1991 2.125 2.5 3.572 n.s. # F=41.876 0 0 0 n.s. # n.s. 
 ±0.499          ±0.764 ±0.583 p=0.0001 ±0 ±0 ±0
Spring 1991 6.188 12.5 8.179 n.s. ^  n.s. 0.063 0.333 0 1 vs 2 ^ F=3.442 
 ±0.900        ±3.96 ±1.560 ±0.063 ±0.211 ±0 2 vs 3 p=0.0033 
Summer 1992 0.5 2.5 2.607 1 vs 2  1992 0.623    0 0.535 n.s. 1992
 ±0.158        ±0.563 ±0.548 1 vs 3  ±0.271 ±0 ±0.149
Autumn 1992 1.188 6.833 2.893 n.s. * F= 5.885 0 0.167 0 1 vs 2 * n.s. 
 ±0.411        ±5.043 ±1.016 p= 0.0052 ±0 ±0.167 ±0 2 vs 3  
Winter 1992 2.000 2.833 2.714 n.s. # n.s. 0 0 0 n.s. # F=14.723 
 ±0.658          ±0.601 ±0.440 ±0 ±0 ±0 p=0.0001
Spring 1992 3.625 2.33 4 n.s. ^  n.s. 0.063 0 0.142 n.s. ^ n.s. 
 ±0.539        ±1.086 ±0.820   ±0.063 ±0 ±0.084
 
Appendix 9.1 Mean number (x±s.e.) of captures of Coleoptera and Hemiptera per trap in each floristic group of each taxon on Grid A. Results also shown 
 of MANOVA (Repeated Measures). ‘Groups within seasons’= Tukeys HSD test between floristic groups,* = Differences within Floristic/Dieback  
 groups over year (A), # = Across seasons within year (B), ^ = Interaction between AB, n.s = not significant. 
 
  Aranae  Groups *  Dermaptera  Groups * 
Season/Year    within #    within # 
 Group 1 Group 2 Group 3 season ^ Group 1 Group 2 Group 3 season ^ 
Summer 1990 1.437 2.162 2.926 1 vs 3 1990 4.877    4.503 3.605 n.s. 1990
 ±0.387        ±0.477 ±0.415  ±1.596 ±1.286 ±1.103  
Autumn 1990 2.125 1.829 1.711 n.s. * n.s. 5.878 13.815 6.614 n.s. * n.s. 
 ±0.532          ±0.399 ±0.325 ±1.107 ±2.866 ±1.254
Winter 1990 0.748 1.827 0.748 n.s. # F=8.432 1.749 1.327 4.326 1 vs 3 # F=31.584 
 ±0.193          ±0.476 ±0.193 p=<0.0001 ±0.414 ±0.331 ±0.874 p<0.0001
Spring 1990 2.246 3.327 2.464 n.s. ^ n.s. 1.623 0.831 0.535 1 vs 3 ^ F=3.1807 
 ±0.505          ±2.749 ±0.599 ±0.375 ±0.306 ±0.233 p=0.0014
Summer 1991 2.185 2.5055 3.252 n.s. 1991 2.253    2.494 4.751 n.s. 1991
 ±0.356          ±1.235 ±0.779 ±0.561 ±0.429 ±1.600
Autumn 1991 1.434 2.162 1.105 n.s. * n.s. 1.060 1.161 1.175 n.s. * n.s. 
 ±0.257          ±0.600 ±0.214 ±0.295 ±0.399 ±0.224
Winter 1991 0.873 1.165 0.890 n.s. # F=7.265 0.750 0.996 0.964 n.s. # F=10.746 
 ±0.256          ±0.165 ±0.165 p<0.0001 ±0.336 ±0.363 ±0.468 p<0.0001
Spring 1991 2.001 1.163 2.60 n.s. ^ n.s. 0.811 1.328 0.676 n.s. ^ n.s. 
 ±0.458          ±0.305 ±0.45 ±0.227 ±0.493 ±0.192
Summer 1992 2.186 3.167 3.392 n.s. 1992 0.561    1.830 0.856 n.s. 1992
 ±0.519          ±0.705 ±0.447 ±0.2224 ±0.600 ±0.340
Autumn 1992 0.312 0.831 0.926 n.s. * n.s. 0.188 0.6647 0.570 n.s. * F=3.775 
 ±0.15          ±0.306 ±0.191 ±0.101 ±0.332 ±0.181 p=o.0302
Winter 1992 1.060 1.495 1.141 n.s. # F=20.966 0.3121 0.1667 0.213 n.s. # F=3.946 
 ±0.280          ±0.4264 ±0.245 p<0.0001 ±0.1979 ±0.167 ±0.107 p=0.003
Spring 1992 3.375 2.670 3.036 n.s. ^ n.s. 0.564 0.8314 0.143 2 vs 3 ^ n.s. 
 ±0.780         ±0.762 ±0.640  ±0.439 ±0.306 ±0.067
 
Appendix 9.2 Mean number (x±s.e.) of captures of Aranae and Dermaptera per trap in each floristic group of each taxon on Grid A. Results also shown 
 of MANOVA (Repeated Measures). ‘Groups within seasons’= Tukeys HSD test between floristic groups,* = Differences within Floristic/Dieback  
 groups over year (A), # = Across seasons within year (B), ^ = Interaction between AB, n.s = not significant. 
 
Season/Year Orthoptera Groups *  Blattodea  Groups * 
   within #    within # 
Group 1 Group 2 Group 3 season ^ Group 1 Group 2 Group 3 season ^ 
Summer 1990 0.313 0.5 0.107 n.s. 1990 0.249    0.167 0.213 n.s. 1990
±0.120         ±0.224 ±0.060 ±0.144 ±0.167 ±0.107  
Autumn 1990 0 0 0 n.s. * F=4.992 0.063 0.331 0.285 n.s. * n.s. 
±0          ±0 ±0 p=0.011 ±0.063 ±0.331 ±0.101
Winter 1990 0 0 0 n.s. # F=10.51 0.063 0 0 n.s. # F=3.682 
±0          ±0 ±0 p<0.0001 ±0.063 ±0 ±0 p=0.0136
Spring 1990 0.125 0.5 0 2 vs 3 ^ F= 2.968 0.374 0.167 0.392 n.s. ^ n.s. 
±0.0854          ±0.342 ±0 p=0.0093 ±0.179 ±0.167 ±0.157
Summer 1991 0.563 0.333 0.071 n.s. 1991 0.437    0.167 0.570 n.s. 1991
±0.258          ±0.333 ±0.050 ±0.157 ±0.167 ±0.149
Autumn 1991 0 0 0 n.s. * n.s. 0 0 0.250 n.s. * n.s. 
±0          ±0 ±0 ±0 ±0 ±0.098
Winter 1991 0 0 0 n.s. # F=8.679 0 0 0.071 n.s. # F=7.0857 
±0          ±0 ±0 p<0.0001 ±0 ±0 ±0.050 p=0.0002
Spring 1991 0.063 0 0 n.s. ^ F=2.455 0.249 1.165 0.321 n.s. ^ n.s. 
±0.063          ±0 ±0 p=0.0274 ±0.144 ±0.654 ±0.115
Summer 1992 1.125 0 0.143 n.s. 1992 0.188    0.5 0.213 n.s. 1992
±0.865          ±0 ±0.085 ±0.101 ±0.224 ±0.107
Autumn 1992 0.188 0 0.036 n.s. * n.s. 0.063 0 0.142 n.s. * F=3.317 
±0.136          ±0 ±0.036 ±0.063 ±0 ±0.084 p=0.045
Winter 1992 0 0 0 n.s. # F=3.814 0 0 0.036 n.s. # F=3.403 
±0          ±0 ±0 p=0.0115 ±0 ±0 ±0.036 p=0.0195
Spring 1992 0 0.167 0.107 n.s. ^ F=2.298 0.125 0.167 0.036 n.s. ^ n.s. 
±0          ±0.167 ±0.056 p=0.038 ±0.085 ±0.167 ±0.036
 
Appendix 9.3 Mean number (x±s.e.) of captures of Orthoptera and Blattodea per trap in each floristic group of each taxon on Grid A. Results also shown 
 of MANOVA (Repeated Measures). ‘Groups within seasons’= Tukeys HSD test between floristic groups,* = Differences within Floristic/Dieback  
 groups over year (A), # = Across seasons within year (B), ^ = Interaction between AB, n.s = not significant. 
 
 Ants Groups *  Genera of Ants  Groups * 
Season/Year    within #    within # 
Group 1 Group 2 Group 3 season ^ Group 1 Group 2 Group 3 season ^ 
Summer 1990 24.619 20.499 27.365 n.s. 1990 3.750    2.826 3.281 n.s. 1990
±3.545         ±5.007 ±3.788 ±0.298 ±0.309 ±0.170  
Autumn 1990 12.806 12.496 13.143 n.s. * n.s. 1.867 1.826 1.957 n.s. * n.s. 
±2.253          ±2.748 ±2.156 ±0.256 ±0.306 ±0.140
Winter 1990 1.935 1.664 2.642 n.s. # F=77.120 0.935 0.831 1.068 n.s. # F=43.30 
±0.461          ±0.666 ±0.455 p<0.0001 ±0.169 ±0.306 ±0.124 p<0.0001
Spring 1990 7.933 5.496 9.924 2 vs 3 ^ n.s. 2.682 2.327 2.641 n.s. ^ n.s. 
±1.339          ±2.433 ±1.993 ±0.362 ±0.558 ±0.269
Summer 1991 36.191 36.985 43.392 n.s. 1991 3.625    4.843 4.036 n.s. 1991
±6.266          ±6.427 ±8.949 ±0.259 ±0.309 ±0.378
Autumn 1991 7.316 9.830 12.716 n.s. * n.s. 1.619 1.662 2.098 n.s. * n.s. 
±1.197          ±2.355 ±1.693 ±0.154 ±0.332 ±0.157
Winter 1991 3.625 5.823 7.069 n.s. # F=51.142 1.497 1.830 1.960 n.s. # F=34.078 
±0.741          ±2.253 ±1.331 p<0.0001 ±0.241 ±0.600 ±0.209 p<0.0001
Spring 1991 14.184 10.670 17.040 n.s. ^ n.s. 2.494 2.326 2.530 n.s. ^ n.s. 
±3.742          ±3.271 ±2.899 ±0.242 ±0.422 ±0.222
Summer 1992 15.562 17.172 25.445 n.s. 1992 3.501    4.507 3.714 n.s. 1992
±2.691          ±5.393 ±5.756 ±0.343 ±0.624 ±0.301
Autumn 1992 3.249 4.335 6.425 n.s. * n.s. 1.123 1.165 1.388 n.s. * n.s. 
±0.529          ±1.807 ±1.741 ±0.124 ±0.165 ±0.106
Winter 1992 1.747 1.330 2.644 n.s. # F=43.884 0.936 1.163 0.997 n.s. # F=53.132 
±0.403          ±0.420 ±0.521 p<0.0001 ±0.143 ±0.305 ±0.135 p<0.0001
Spring 1992 8.809 6.506 7.676 n.s. ^ n.s. 2.872 3.669 3.610 n.s. ^ n.s. 
±1.589        ±1.476 ±1.412   ±0.329 ±0.845 ±0.344
 
Appendix 9.4 Mean number (x±s.e.) of captures of Ants and Ant genera per trap in each floristic group of each taxon on Grid A. Results also shown 
 of MANOVA (Repeated Measures). ‘Groups within seasons’= Tukeys HSD test between floristic groups,* = Differences within Floristic/Dieback  
 groups over year (A), # = Across seasons within year (B), ^ = Interaction between AB, n.s = not significant. 
 
 Diptera Groups *  Collembola  Groups * 
Season/Year    within #    within # 
Group 1 Group 2 Group 3 season ^ Group 1 Group 2 Group 3 season ^ 
Summer 1990 3.752 2.666 5.285 n.s. 1990 21.200    18.676 30.437 n.s. 1990
±0.815          ±0.844 ±0.909 ±2.588 ±11.646 ±3.891
Autumn 1990 4.127 10.164 8.754 1 vs 2 * F=6.052 11.009 38.170 30.566 1 vs 2 * F=9,804 
±0.697        ±2.145 ±1.164 1 vs 3 p=0.0046 ±1.953 ±11.773 ±4.765 p=0.0003
Winter 1990 1.248 1.333 2.499 n.s. # F=19.906 6.634 13.173 11.822 1 vs 3 # F=31.89 
±0.370          ±0.558 ±0.417 p<0.0001 ±1.225 ±3.123 ±1.281 p<0.0001
Spring 1990 2.314 3.338 3.675 n.s. ^ n.s. 1.999 21.675 11.676 1 vs 2 ^ F=3.866 
±0.730        ±1.360 ±1.548 ±0.764 ±5.895 ±3.474 1 vs 3 p=0.0013 
Summer 1991 0.312 0.829 0.499 n.s. 1991 0    0 0 n.s. 1991
±0.150       ±0.399 ±0.181 ±0 ±0 ±0 
Autumn 1991 0.939 3.003 2.070 n.s. * F=3.431 7.564 2.662 8.755 n.s. * F=9.221 
±0.681         ±1.186 ±0.483 p=0.0406 ±2.029 ±1.604 ±1.415 p=0.0004
Winter 1991 1.561 3.338 1.890 n.s. # F=7.238 10.066 19.003 19.464 1 vs 3 # F=88.221 
±0.612          ±1.118 ±0.410 p<0.0001 ±1.915 ±3.643 ±2.068 p<0.0001
Spring 1991 1.750 1.499 1.499 n.s. ^ n.s. 10.814 92.688 24.465 1 vs 2 ^ F=12.304 
±0.434        ±0.808 ±0.372 ±2.236 ±17.507 ±5.833 1 vs 3 p<0.0001 
Summer 1992 2.371 2.496 2.572 n.s. 1992 34.628    43.042 49.964 n.s. 1992
±0.625          ±1.206 ±0.630 ±6.242 ±11.586 ±6.630
Autumn 1992 2.000 6.177 5.041 n.s. * n.s. 8.500 20.850 31.860 1 vs 3 *F= 12.074 
±0.571          ±2.187 ±1.140 ±1.547 ±4.737 ±3.814 p<0.0001
Winter 1992 3.061 1.331 2.388 n.s. #  n.s. 9.314 18.014 27.462 1 vs 3 # F=23.649 
±2.092          ±0.556 ±0.520 ±2.116 ±4.293 ±3.348 p<0.0001
Spring 1992 2.875 4.994 2.497 n.s. ^ n.s. 44.462 109.733 82.201 n.s. ^ n.s. 
±0.816        ±3.052 ±0.528   ±10.887 ±35.186 ±12.955
 
Appendix 9.5 Mean number (x±s.e.) of captures of Diptera and Collembola per trap in each floristic group of each taxon on Grid A. Results also shown 
 of MANOVA (Repeated Measures). ‘Groups within seasons’= Tukeys HSD test between floristic groups,* = Differences within Floristic/Dieback  
 groups over year (A), # = Across seasons within year (B), ^ = Interaction between AB, n.s = not significant. 
 
 Larvae Groups * 
Season/Year    within # 
Group 1 Group 2 Group 3 season ^ 
Summer 1990 7.937 1.667 0.821 1 vs 2 1990
±2.645   ±0.803 ±0.179 1 vs 3  
Autumn 1990 5.625 0.500 0.429 1 vs 2 * F=18.484 
1.859   0.224 ±0.130 1 vs 3 p<0.0001 
Winter 1990 2.750 0.167 0.357 1 vs 2 # F=4.462 
±0.844   ±0.167 ±0.128 1 vs 3 p=0.005 
Spring 1990 4.312 2.333 1.571 n.s. ^ n.s. 
±1.529     ±1.282 ±0.576
Summer 1991 2.125 0.500 0.714 n.s. 1991
±1.036     ±0.342 ±0.286
Autumn 1991 0.375 0.000 0.393 n.s. * n.s. 
±0.221     ±0.000 ±0.157
Winter 1991 0.188 0.333 0.500 n.s. # F=19.282 
±0.101     ±0.211 ±0.196 p<0.0001
Spring 1991 4.500 1.833 1.607 1 vs 3 ^ F=2.4114 
±1.329     ±0.401 ±0.443 p=0.03
Summer 1992 1.625 0.667 1.071 n.s. 1992
±0.632     ±0.422 ±0.272
Autumn 1992 0.437 0.000 0.214 n.s. * n.s. 
±0.182     ±0.000 ±0.119
Winter 1992 3.063 0.500 2.071 n.s. # F=54.996 
±0.955     ±0.224 ±0.763 p<0.0001
Spring 1992 8.625 6.833 6.536 n.s. ^ n.s. 
±1.979    ±2.613 ±0.995  
 
Appendix 9.6 Mean number (x±s.e.) of captures of Larvae per trap in each floristic group of each taxon on Grid A. Results also shown 
 of MANOVA (Repeated Measures). ‘Groups within seasons’= Tukeys HSD test between floristic groups,* = Differences within Floristic/Dieback  
 groups over year (A), # = Across seasons within year (B), ^ = Interaction between AB, n.s = not significant. 
 
Season/Year  Coleoptera  Groups *  Hemiptera  Groups * 
    within #    within # 
 Group 1 Group 2 Group 3 season ^ Group 1 Group 2 Group 3 season ^ 
Summer 1990 3.059 1.385 2.850 n.s. 1990 0.353    0.154 0.250 n.s. 1990
 ±0.511         ±0.368 ±0.805 ±0.147 ±0.104 ±0.099  
Autumn 1990 12.353 14.231 9.00 n.s. * n.s. 0.294 0.308 0.15 n.s. * n.s. 
 ±2.882          ±3.906 ±1.891 ±0.143 ±0.175 ±0.15
Winter 1990 3.529 1.846 4.00 n.s. # F=22.99 0 0 0.10 n.s. # F=2.89 
 ±0.912          ±0.390 ±1.133 p<0.0001 ±0 ±0 ±0.069 p=0.378
Spring 1990 4.529 3.538 5.65 n.s. ^ n.s. 0.235 0.769 0.2 n.s. ^ n.s. 
 1.438          0.896 ±0.849 ±0.136 ±0.411 ±0.092
Summer 1991 0.941 1.462 3.35 1 vs 3 1991 0    0 0 n.s. 1991
 ±0.277          ±0.538 ±0.979 ±0 ±0 ±0
Autumn 1991 1.882 1.769 1.7 n.s. *n.s. 0.176 0.154 0.2 n.s. * n.s. 
 ±0.555          ±0.545 ±0.398 ±0.095 ±0.104 ±0.092
Winter 1991 3.118 2.538 4.00 n.s. # F=20.76 0 0 0 n.s. # F=6.060 
 ±0.947          ±0.433 ±1.205 p<0.0001 ±0 ±0 ±0 p=0.0007
Spring 1991 6.059 6.538 12.9 n.s. ^  n.s. 0.118 0.077 0.10 n.s. ^ n.s. 
 ±1.760          ±1.244 ±3.392 ±0.081 ±0.077 ±0.069
Summer 1992 0.941 2.154 2.20 n.s. 1992 0.235    0.385 0.45 n.s. 1992
 ±0.201          ±0.678 ±0.560 ±0.136 ±0.180 ±0.211
Autumn 1992 4.529 1.692 6.40 n.s. *n.s. 0.118 0 0.15 n.s. * n.s. 
 ±1.078          ±0.812 ±2.061 ±0.081 ±0 ±0.109
Winter 1992 1.235 1.231 3.45 n.s. # F= 3.45 0.235 0.308 0.85 n.s. # F=2.86 
 ±0.425          ±0.281 ±0.905 p= 0.027 ±0.235 ±0.308 ±0.483 p=0.048
Spring 1992 3.059 3.385 2.45 n.s. ^ F=2.72 0.059 0.077 0.05 n.s. ^ n.s. 
 ±0.750          ±0.538 ±0.587 p=0.016 ±0.059 ±0.077 ±0.05
 
Appendix 10.1 Mean number (x±s.e.) of captures of Coleoptera and Hemiptera per trap in each floristic group of each taxon on Grid B. Results also shown 
 of MANOVA (Repeated Measures). ‘Groups within seasons’= Tukeys HSD test between floristic groups,* = Differences within Floristic/Dieback  
 groups over year (A), # = Across seasons within year (B), ^ = Interaction between AB, n.s = not significant. 
 
 
  Aranae  Groups *  Dermaptera  Groups * 
Season/Year    within #    within # 
 Group 1 Group 2 Group 3 season ^ Group 1 Group 2 Group 3 season ^ 
Summer 1990 2.412 1.769 1.250 n.s. 1990 5.412    1.923 2.750 n.s. 1990
 ±0.630         ±0.426 ±0.260 ±1.396 ±0.635 ±0.888  
Autumn 1990 2.235 1.615 2.39 n.s. * n.s. 6.059 7.615 6.750 n.s. * n.s. 
 ±0.566          ±0.368 ±0.260 ±1.352 ±0.805 ±1.420
Winter 1990 1.529 0.846 1.39 n.s. # n.s. 0.882 0.923 1.750 n.s. # F=21.71 
 ±0.355          ±0.317 ±0.320 ±0.189 ±0.415 ±0.362 p<0.0001
Spring 1990 1.824 1.538 3.60 n.s. ^ n.s. 1.529 0.923 2.550 n.s. ^ F=2.522 
 ±0.431          ±0.351 ±0.733 0.365 ±0.415 ±0.639 p=0.0238
Summer 1991 2.647 2.077 2.70 n.s. 1991 1.706    2.385 3.250 n.s. 1991
 ±1.275          ±0.571 ±0.539 ±0.381 ±0.549 ±0.732
Autumn 1991 0.588 0.923 0.45 n.s. * n.s. 1.118 1.000 1.650 n.s. * n.s. 
 ±0.211          ±0.265 ±0.114 ±0.308 ±0.424 ±0.425
Winter 1991 0.529 0.692 0.90 n.s. # F=12.37 0.824 0.308 0.400 n.s. # F=13.45 
 ±0.174          ±0.286 ±0.191 p<0.0001 ±0.356 ±0.133 ±0.112 p<0.0001
Spring 1991 1.294 2.538 2.55 n.s. ^ n.s. 1.765 1.231 1.500 n.s. ^ n.s. 
 ±0.444          ±0.462 ±0.690 ±0.338 ±0.257 ±0.495
Summer 1992 1.235 2.923 2.25 n.s. 1992 0.235    0.385 0.450 n.s. 1992
 ±0.327          ±2.188 ±0.428 ±0.136 ±0.180 ±0.211
Autumn 1992 0.529 0.692 1.45 n.s. * F=3.63 0.353 0.769 0.500 n.s. * n.s. 
 ±0.212          ±0.263 ±0.752 p=0.034 ±0.170 ±0.343 ±0.170
Winter 1992 1.176 0.615 1.45 n.s. # F=5.144 0.176 0.154 0.350 n.s. # n.s. 
 ±0.312          ±0.213 ±0.425 p<0.003 ±0.176 ±0.104 ±0.150
Spring 1992 1.706 1.846 3.450 n.s. ^ n.s. 0.706 0.462 0.350 n.s. ^ n.s. 
 ±0.460         ±0.406 ±1.150  ±0.254 ±0.183 ±0.131
 
Appendix 10.2 Mean number (x±s.e.) of captures of Aranae and Dermaptera per trap in each floristic group of each taxon on Grid B. Results also shown 
 of MANOVA (Repeated Measures). ‘Groups within seasons’= Tukeys HSD test between floristic groups,* = Differences within Floristic/Dieback  
 groups over year (A), # = Across seasons within year (B), ^ = Interaction between AB, n.s = not significant.
 
Season/Year Orthoptera Groups *  Blattodea  Groups * 
   within #    within # 
Group 1 Group 2 Group 3 season ^ Group 1 Group 2 Group 3 season ^ 
Summer 1990 0.176 0.077 0.050 n.s. 1990 0.118    0.077 0.200 n.s. 1990
±0.095         ±0.077 ±0.050 ±0.081 ±0.077 ±0.117  
Autumn 1990 0 0 0 n.s. * n.s. 0.235 0.385 0.150 n.s. * n.s. 
±0          ±0 ±0 ±0.106 ±0.213 ±0.082
Winter 1990 0 0 0 n.s. # F=2.81 0.235 0.077 0.200 n.s. # n.s. 
±0          ±0 ±0 p=0.042 ±0.136 ±0.077 ±0.092
Spring 1990 0.059 0.299 0 n.s. ^ n.s. 0.059 0 0.200 n.s. ^ n.s. 
±0.059          ±0.229 ±0 ±0.059 ±0 ±0.200
Summer 1991 0.174 0.154 0 n.s. 1991 0.529    0.385 0.350 n.s. 1991
±0.126          ±0.104 ±0 ±0.259 ±0.140 ±0.131
Autumn 1991 0 0 0 n.s. * n.s. 0.118 0.077 0.050 n.s. * n.s. 
±0          ±0 ±0 ±0.081 ±0.077 ±0.050
Winter 1991 0 0.077 0 n.s. # n.s. 0.118 0 0.050 n.s. # F=5.31 
±0          ±0.077 ±0 ±0.081 ±0 ±0.050 p=0.0017
Spring 1991 0 0.154 0.050 n.s. ^ n.s. 0.176 0.231 0.300 n.s. ^ n.s. 
±0          ±0.104 ±0.050 ±0.095 ±0.122 ±0.164
Summer 1992 0.059 0.385 0.148 n.s. 1992 0.235    0.538 0.450 n.s. 1992
±0.059          ±0.311 ±0.108 ±0.136 ±0.268 ±0.198
Autumn 1992 0 0 0 n.s. * n.s. 0.294 0.308 0.150 n.s. * n.s. 
±0          ±0 ±0 ±0.166 ±0.237 ±0.082
Winter 1992 0 0 0 n.s. # F=3.202 0 0.077 0 n.s. # F=4.28 
±0          ±0 ±0 p=0.0253 ±0 ±0.077 ±0 p=0.0063
Spring 1992 0.285 0 0.150 n.s. ^ n.s. 0.059 0.077 0.300 n.s. ^ n.s. 
±0.285          ±0 ±0.082 ±0.059 ±0.077 ±0.147
 
 
Appendix 10.3 Mean number (x±s.e.) of captures of Orthoptera and Blattodea per trap in each floristic group of each taxon on Grid B. Results also shown 
 of MANOVA (Repeated Measures). ‘Groups within seasons’= Tukeys HSD test between floristic groups,* = Differences within Floristic/Dieback  
        groups over year (A), # = Across seasons within year (B), ^ = Interaction between AB, n.s = not significant.
 
 Ants Groups *  Genera of Ants  Groups * 
Season/Year    within #    within # 
Group 1 Group 2 Group 3 season ^ Group 1 Group 2 Group 3 season ^ 
Summer 1990 16.706 10.308 11.050 n.s. 1990 2.000    2.154 1.650 n.s. 1990
±4.166         ±2.014 ±2.460 ±0.284 ±0.274 ±0.293  
Autumn 1990 5.529 5.769 7.200 n.s. * n.s. 1.294 1.923 1.200 n.s. * n.s. 
±1.213          ±1.747 ±1.754 ±0.223 ±0.265 ±0.186
Winter 1990 0.765 1.154 3.300 n.s. # F=33.85 0.529 0.538 0.650 n.s. # F=16.54 
±0.291          ±0.629 ±1.920 p<0.0001 ±0.174 ±0.215 ±0.131 p<0.0001
Spring 1990 2.176 2.231 3.450 n.s. ^ n.s. 1.000 1.308 2.150 n.s. ^ F=2.26 
±0.608          ±0.662 ±0.727 ±0.271 ±0.347 ±0.350 p=0.041
Summer 1991 21.294 32.615 26.400 n.s. 1991 3.471    2.769 2.500 n.s. 1991
±5.926          ±13.208 ±8.096 ±0.298 ±0.281 ±0.235
Autumn 1991 13.588 5.769 8.000 n.s. * n.s. 1.529 1.462 1.450 n.s. * n.s. 
±4.640          ±0.928 ±2.511 ±0.212 ±0.183 ±0.185
Winter 1991 2.882 2.615 5.000 n.s. # F=25.83 1.353 1.308 1.250 n.s. # F=25.64 
±0.664          ±0.694 ±1.300 p<0.0001 ±0.147 ±0.237 ±0.204 p<0.0001
Spring 1991 7.941 5.385 12.700 n.s. ^ n.s. 1.706 1.385 1.750 n.s. ^ n.s. 
±1.608          ±1.147 ±2.765 ±0.114 ±0.213 ±0.160
Summer 1992 9.765 8.077 13.750 n.s. 1992 3.059    3.385 2.450 n.s. 1992
±2.455          ±2.657 ±3.467 ±0.559 ±0.615 ±0.387
Autumn 1992 3.118 1.769 5.400 n.s. * n.s. 1.000 0.692 1.000 n.s. * n.s. 
±0.923          ±0.709 ±1.563 ±0.227 ±0.237 ±0.192
Winter 1992 1.000 1.923 1.350 n.s. # F=20.88 0.706 1.000 0.650 n.s. # F=21.70 
±0.321          ±0.582 ±0.310 p<0.0001 ±0.187 0.277 ±0.131 p<0.0001
Spring 1992 5.412 5.154 6.900 n.s. ^ n.s. 2.059 2.615 1.900 n.s. ^ n.s. 
±1.663        ±1.085 ±2.316   ±0.326 ±0.350 ±0.216
 
  
Appendix 10.4 Mean number (x±s.e.) of captures of Ants and Ant genera per trap in each floristic group of each taxon on Grid B. Results also shown 
 of MANOVA (Repeated Measures). ‘Groups within seasons’= Tukeys HSD test between floristic groups,* = Differences within Floristic/Dieback  
 groups over year (A), # = Across seasons within year (B), ^ = Interaction between AB, n.s = not significant. 
 
 Diptera Groups *  Collembola  Groups * 
Season/Year    within #    within # 
Group 1 Group 2 Group 3 season ^ Group 1 Group 2 Group 3 season ^ 
Summer 1990 6.765 6.692 3.650 n.s. 1990 19.293    14.615 10.650 n.s. 1990
±1.273          ±1.411 ±0.693 ±3.432 ±3.033 ±3.038
Autumn 1990 6.471 9.615 4.700 n.s. * n.s. 7.588 6.769 8.301 1 vs 2 * n.s. 
±1.588          ±1.821 ±0.733 ±0.955 ±1.710 ±1.868
Winter 1990 0.588 1.231 2.100 n.s. # F=26.74 4.765 7.308 15.899 1 vs 3 # F=5.69 
±0.243          ±0.622 ±0.561 p<0.0001 ±1.123 ±1.263 ±3.290 p=0.0011
Spring 1990 1.647 2.462 1.900 n.s. ^ F=2.72 11.059 9.230 22.600 1 vs 2 ^ F=4.67 
±0.437        ±0.637 ±0.528 p=0.0156 ±2.573 ±2.424 ±3.981 1 vs 3 p=0.0002 
Summer 1991 0.353 0.308 0.350 n.s. 1991 0.059    0.077 0.100 n.s. 1991
±0.209          ±0.308 ±0.109 ±0.059 ±0.077 ±0.100
Autumn 1991 1.471 0.692 0.450 1 vs 3 * n.s. 2.176 2.154 4.550 n.s. * F=8.45 
±0.385          ±0.328 ±0.223 ±0.758 ±0.732 ±1.272 p=0.0007
Winter 1991 0.706 1.385 1.800 n.s. # F=4.47 4.059 3.846 13.550 1 vs 3 # F=58.29 
±0.361        ±0.572 ±0.622 p=0.005 ±0.937 ±0.706 ±2.819 2 vs 3 p<0.0001 
Spring 1991 0.353 0.385 0.650 n.s. ^ n.s. 10.235 15.154 27.499 n.s. ^ F=n.s. 
±0.147          ±0.180 ±0.284 ±2.450 ±4.302 ±5.943
Summer 1992 1.353 1.692 2.000 n.s. 1992 23.942     12.385 13.951 1 vs 3 1992
±0.461        ±0.524 ±0.548 ±5.461 ±4.339 ±2.792 2 vs 3  
Autumn 1992 0.824 2.000 2.900 n.s. * n.s. 11.999 8.615 29.804 1 vs 3 *F=4.06 
±0.261          ±0.877 ±0.970 ±2.499 ±3.747 ±11.236 p=0.236
Winter 1992 0.941 1.385 5.000 n.s. # n.s. 12.294 12.154 20.850 n.s. # n.s. 
±0.337          ±0.474 ±3.311 ±3.296 ±2.679 ±4.698
Spring 1992 1.118 1.462 1.050 n.s. ^ n.s. 23.882 14.461 34.601 1 vs 3 ^ n.s. 
±0.225        ±0.501 ±0.303   ±6.027 ±5.551 ±6.993
 
 
Appendix 10.5 Mean number (x±s.e.) of captures of Diptera and Collembola per trap in each floristic group of each taxon on Grid B. Results also shown 
 of MANOVA (Repeated Measures). ‘Groups within seasons’= Tukeys HSD test between floristic groups,* = Differences within Floristic/Dieback  
 groups over year (A), # = Across seasons within year (B), ^ = Interaction between AB, n.s = not significant.
 
 Larvae Groups * 
Season/Year    within # 
Group 1 Group 2 Group 3 season ^ 
Summer 1990 0.765 1.154 0.450 n.s. 1990
±0.250     ±0.317 ±0.135
Autumn 1990 0.412 0.308 0.150 n.s. * n.s. 
±0.173     ±0.175 ±0.082
Winter 1990 0.176 0.231 0.050 n.s. # F=48.90 
±0.095     ±0.122 ±0.050 p<0.0001
Spring 1990 2.647 4.692 4.250 n.s. ^ n.s. 
±0.722     ±1.303 ±0.920
Summer 1991 0.353 0.462 0.300 n.s. 1991
±0.191     ±0.183 ±0.105
Autumn 1991 0.176 0.077 0.050 n.s. * n.s. 
±0.095     ±0.077 ±0.050
Winter 1991 0.294 0.154 0.250 n.s. # F=4.70 
±0.143     ±0.104 ±0.123 p=0.0037
Spring 1991 0.235 0.462 1.150 n.s. ^ n.s. 
±0.106     ±0.183 ±0.483
Summer 1992 0.235 0.462 1.150 n.s. 1992
±0.106     ±0.183 ±0.483
Autumn 1992 0.176 0 0.200 n.s. * n.s. 
±0.095     ±0 ±0.092
Winter 1992 0 0 0.100 n.s. # F=11.98 
±0     ±0 ±0.069 p<0.0001
Spring 1992 0 0 0.100 n.s. ^ n.s. 
±0    ±0 ±0.069  
 
 
Appendix 10.6 Mean number (x±s.e.) of captures of Larvae (pooled) per trap in each floristic group of each taxon on Grid B. Results also shown 
 of MANOVA (Repeated Measures). ‘Groups within seasons’= Tukeys HSD test between floristic groups,* = Differences within Floristic/Dieback  
 groups over year (A), # = Across seasons within year (B), ^ = Interaction between AB, n.s = not significant. 
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